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INTRODUCTION. 

The  author  has  attempted  to  make  this  book  useful 
for  all  classes  of  men  wno  have  to  do  with  structural 
steel.  For  the  student,  the  principles  of  correct  design 
in  steel  work  are  emphasized  and  exemplifield.  For  tne 
inspector  in  mill  and  shop,  the  principles  of  correct  man- 
ipulation are  laid  down.  For  the  draftsman,  standard 
and  economic  and  consistent  details  are  defined.  For 
the  collegre  instructor,  practical  methods  are  set  forth. 
For  the  desigrningr  or  consulting^  engrineer,  errors  are 
pointed  out  that  some  of  the  most  eminent  in  that  class 
have  made.  The  author  has  been  inspector,  draftsman,  col- 
leere  instructor,  and  designer  in  structural  steel  work, 
and  is  acquainted  with  the  needs  of  the  several  classes, 
'rlie  book  has  been  many  years  in  preparation. 

The  shop  foreman  and  the  erector  will  find  their 
chief  interest  in  the  book  in  the  relations,  as  the  author 
has  tried  to  emphasize  them,  between  their  work  and 
that  of  the  others,  who  with  them,  must  have  to  do 
with   a   steel   structure. 

Since  all  of  these  classes  of  men  are  employed  Jointly 
in  perfectingr  a  structure  in  steel,  they  should  be  sev- 
erally familiar  with  one  another's  work. 

As  a  working  tool  it  is  believed  that  the  book  will 
be  found  useful  in  the  collegre  for  instruction  and  in 
the  desigrningr  office,  together  with  the  author's  book  of 
Table%  for  the  data  and  rules  on  designingr. 

The  calculation  of  stresses  in  the  various  kinds  of 
structures  has  been  reserved  for  another  book,  which 
the  author  has  in  preparation.  The  author  has  also 
in  preparation  a  book  on  engineering  materials  and 
their   properties. 

The  keynote  of  this  book  Is  meant  to  be  sound  en- 
gineering in  steel  design,  as  the  author's  book  Concrete 
aims  to  set  forth  the  principles  of  sound  engineering 
in  reinfofced  concrete.  The  author  finds  that  steel  de- 
sign is  on  an  eminently  better  footing  than  reinforced 
concrete.  The  principles  of  correct  design  are  well  un- 
derstood and  accepted  in  the  former,  though  many  er- 
rors are  made,  while  in  the  latter  the  principles  of  cor- 
rect design  are  very  commonly  ignored  and  violated. 

The  author  has  no  intention  of  discrediting  reinforced 
concrete  construction,  for  by  it  many  problems  in  con- 
struction can  be  solved  with  better  results  than  by  any 
other  kind  of  construction  known.  But  there  is  much 
to  be  done  in  the  way  of  revising  and  recasting  its  liter- 
ature and  practice  before  a  sound  engineering  basis  is 
reached. 

In  this  book  much  emphasis  is  placed  upon  the  im- 
portance of  details  and  of  simple  and  rational  methods. 
There  is  much  waste  of  material  in  members  whose  de- 
tails could  not  possibly  bear  the  strains  that  the  mem- 
bers themselves  are  capable  of  taking.  There  is  also 
much  waste  in  material  that  is  mis-placed  and  that  a 
little  analysis  will  show  to  be  of  little  use.     As  a  single 
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/exampli^; '  it  ill  :not  uncommon  to  And  nearly  a  hundred 

^itQld  ny«ii  ih  a  bent  npUce  plate,  when  probably  half  a 

dozen  of  these  rivets  would  stand  all  the  strain  that  it 

takes  to   bend   this  splice   plate   further  at   the   knuckle 

and  exhibit  its  practical  uselessness. 

Emphasis  is  placed  on  the  importance  of  the  desigrner 
understanding^  and  considering:  the  work  of  the  shop 
men  and  the  inspector.  Economic  construction  demands 
that  facility  of  manufacture  be  advanced  and  detection 
of  errors  be  simplified. 

Besides  emphasizing  the  principles  of  correct  desigm 
the  author  has  also  pointed  out  a  grreat  many  common 
errors.  Furthermore  he  has  collected  a  largre  number 
of  examples  of  design  in  various  classes  of  steel  con- 
struction. It  is  believed  that  these  will  be  of  great 
value  to  the  designer. 


CHAPTER  I. 
The  Working  of  Iron  and  Steel. 

Every  structural  designer  should  have  a  thorougrh 
knowledge  of  the  processes  of  the  mill,  the  foundry,  and 
the  shop,  where  iron  and  steel  are  worked  into  the  de- 
sired form  for  use  in  a  structure. 

Wrouerht  iron  may  be  solid,  malleable,  or  pasty,  but 
cannot  be  broug^ht  to  a  liquid  state.  Cast  iron  may  be 
■olid  or  liquid.  Steel  has  four  conditions  or  states, 
namely:  solid,  malleable  or  plastic,  granular  or  pasty, 
and  liquid.  Cast  iron  after  being:  cast,  when  not  ren- 
dered malleable,  cannot  be  worked  in  any  way  except 
by  cuttinsT  tools,  whereas  wrougrht  steel  and  wrougrht 
iron    can   be    bent,    sheared,    punched,    forgred,    etc. 

On  account  of  their  ductility  twrougrht  iron  and  steel 
may  be  made  to  undergro  certain  changres  in  form  when 
cold.  Structural  steel  and  softer  steels  will  stand  con- 
siderable bendingr  when  cold  without  appreciable  injury 
to  the  metal.  Such  steels  will  stand  much  more  bending^ 
and  twistingr  cold  than  wrougrht  iron.  The  more  refined 
errades  of  wrougrht  iron,  such  as  rivet  iron  approach 
steel  in  ability  to  withstand  punishment.  When  steel 
is  to  be  curved,  it  is  usually  done  while  the  metal  is 
cold.  Some  bends  require  the  metal  to  be  heated.  If 
heating:  is  resorted  to,  the  metal  should  be  brougrht  to 
a  red  heat.  No  work  whatever  should  be  done  upon 
steel  at  a  blue  heat,  that  is,  at  the  temperature  where 
a  blue  oxide  forms  on  the  surface;  this  is  between  the 
temperature  of  boiling:  water  and  the  igrnition  of  hard- 
wood sawdust.  At  this  temperature  steel  is  brittle.  This 
temperature  may  be  known  practically  when  the  hammer 
handle  rubbed  on  the  steel  will  not  spark,  and  it  is 
still  too  hot  to  touch.  Forgring:  should  be  done  on  steel 
when  it  is  in  the  plastic  condition.  Above  the  plastic 
state  there  is  an  intermediate  condition,  before  the  steel 
reaches  the  melting  point,  when  it  is  pasty.  It  pos- 
sesses adhesion  but  little  cohesion.  If  hammered  or 
rolled,  it  is  liable  to  break  to  pieces.  The  structure  is 
granular.  No  work  should  be  done  upon  steel  in  this 
condition. 

Casttmar — Castings  in  steel  and  iron  are  much  used  in 
structures.  The  soundness  of  the  casting  often  depends 
upon  the  shape  and  proportion  of  the  different  parts, 
some  castings  are  very  difficult  to  make.  Sometimes  it  is 
practically  impossible  to  cast  pieces  as  designed.  Sim- 
plicity of  design,  especially  in  steel  castings,  should  be 
aimed  at.  Steel  castings  are  more  difficult  to  make  than 
iron  castings.  They  are  more  liable  to  contain  air  holes 
or  to  be  porous.  Thin  work  should  not  be  attempted 
in  steel  castings,  and  hollow  work  should  be  avoided,  if 
possible.  The  cores  for  steel  castings  as  well  as  the 
molds  themselves  have  usually  to  be  baked  hard,  so 
that  after  the  casting  is  made  the  sand  cannot  be  let 
out  of  a  small  opening  as  in  the  case  of  iron  castings. 
There  are  some  sands,  however,  that  can  be  used  with- 
out baking.  The  rapid  cooling  of  the  metal  below  the 
liquid  state,  when  run  into  a  thin  mold,  makes  the  cast- 


Ingr  of  steel  In  thin  pieces  practically  Impossible.  For 
steel  castingrs  open  hearth  steel  Is  preferable.  It  is 
used   almost   exclusively. 

There  is  always  a  tendency  of  cores  to  float  or  rise 
to  the  surface  of  the  metal.  If  they  are  not  well  held 
in  place,  they  are  liable  to  be  displaced  by  this  tendency. 
Columns  ougrht  to  be  cast  in  a  vertical  position  to  pre- 
vent the  core  from  floating  to  one  side.  The  core  for 
the  inside  of  a  hollow  column  if  the  column  is  poured  on 
its  side,  will  tend  to  rise  toward  the  upper  side  of  the  col- 
umn and  make  the  metal  thinner  on  that  side.  A  core  not 
sufficiently  stiff  will  be  bent  up  in  the  middle.  Sometimes 
metal  spools  or  anchors  are  introduced  to  hold  the  cores 
in  place:  the  metal  flowing  around  these  unites  with 
them. 

When  cored  holes  are  left  for  bolts,  they  should  be 
made  larger  than  the  bolt  by  one-eighth  inch  or  more 
to  allow  for  inaccurate  spacing.  Anchor  bolt  holes  may 
be  cored  in  castings.  Holes  for  bolts  connecting  to  steel 
work  should  be  drilled  in  the  casting  after  it  is  finished. 

Sharp  re-entering  angles  in  castings  should  be 
avoided,  so  as  to  reduce  the  liability  of  cracks  starting 
at  such  places;  they  should  be  fllleted. 

Sudden  changes  in  the  thickness  of  metal  should  be 
avoided,  as  the  unequal  cooling  of  the  thick  and  thin 
metal  is  liable  to  cause  cracks.  This  must  be  most 
carefully  guarded  against  in  designing  steel  castings; 
as  the  shrinkage  of  steel  is  much  more  than  that  of  iron, 
and  the  cooling  of  thin  parts  is  more  rapid.  These  facts 
make  the  casting  of  anything  but  simple  shapes  in  steel 
very   difficult. 

Steel  castings  should  be  poured  as  quickly  as  possible 
and  at  as  many   points  as  practicable. 

As  an  example  of  what  should  not  be  attempted  in 
cast  iron — it  was  found  almost  impossible  to  cast  bottom 
plates  for  a  cast  iron  tank  that  were  nine  feet  square 
of    %-inch    metal,    ribbed. 

In  designing  castings  care  should  be  taken  to  make 
them  so  that  the  pattern  can  be  pulled  out  of  the  sand. 
Small  castings,  of  which  large  numbers  are  to  be  made, 
should  be  made  as  simple  as  possible.  Where  practicable, 
openings  into  hollow  interiors  should  be  large  enough 
to  admit  of  inspection  of  the  inside.  When  a  casting 
is  tQ  l>e  planed  or  turned,  allowance  should  be  made 
in  the  patterns  for  about  3-16  to  %  inch  to  be  cut  away 
as  it  is  very  difficult  to  cut  the  chilled  skin  of  a  casting, 
if  only  a  thin  cut  is  made.  For  large  castings  a  greater 
allowance   may   be   necessary. 

It  is  necessary  in  making  steel  castings  to  have  in 
the  mold  a  space  for  a  mass  of  metal  called  the  sink- 
head  or  riser;  sometimes  several  are  required.  Their 
function  is  to  remain  liquid  in  the  interior,  supplying 
metal  as  the  casting  shrinks  and  solidifies.  "When  these 
are  later  cut  off,  their  interior  may  be  found  spongy^  or 
hollow,  and  this  appearance  can  be  taken  as  good  proof 
that  their  duty  has  been  satisfactorily  performed,  and 
any  blow  holes  on  the  surface  of  the  casting  which 
appear  where  these  risers  are  cut  off  are  purely  local 
and  do  not  extend  far  below  the  surface."  (C.  W.  Gen- 
net,  Jr.,   in  R.   R.   Gazette,   Feb.   26,   1904.) 

A  combination  of  cast  iron  and  steel  Is  sometimes 
made  by  casting  pins  or  rods  of  steel  in  an  iron  casting. 
Where  cast  iron  is  too  weak  to  take  the  bending;  or 
shear,  or  tension,  a  bar  of  steel  can  be  employed.    Water- 


cooled   bed   plates   used   in   grlass   rolllnr  are   east   with 

fas  pipes  embedded  in  them  for  circulation  of  water, 
he  pipes  must  be  anchored  against  tendency  to  float 
during:  castine.  The  pipes  expand  and  are  forced  out  at 
the  ends  of  tne  plate  during  the  casting;  they  do  not  re- 
turn to  their  normal  size. 

The  following,  quoted  from  a  paper  by  Mr.  Otto  Beck- 
mann,  (See  Engineering  Digest,  Oct.»  1909),  gives  some 
ideas  on  German  practice  in  the  making  of  steel  castings: 
*'The  gates  must  be  large  enough  to  hold  a  quantity 
of  metal  equal  to  30  to  50  per  cent,  of  that  in  the  actual 
castings,  instead  of  about  5  per  cent.,  as  in  the  case 
of  gray  iron,  on  account  of  the  risk  of  the  forma- 
tion of  cavities  In  cooling.  •  •  •  To  prevent  the 
formation  of  cavities  in  heavy  pieces  and  those  with 
local  accumulations  of  metal,  it  is  usual  to  cast  steel 
and  wrought  iron  parts  into  the  mass,  arranged  in  such 
a  manner  that  they  will  be  surrounded  on  all  sides  by 
steel.  The  steel  solidifies  almost  immediately,  so  that 
no  cavities  can  be  formed;  and  owing  to  the  insertion 
of  the  iron  bars,  gates  of  smaller  dimension  can  be  used. 
When  the  pieces  are  not  very  large,  the  inserted  bars 
may  be  replaced  by  a  thick  underlay  of  iron  plate  (1^ 
to  2  in.),  and  brushed  over  with  graphite  to  prevent  the 
molten  metal  from  sticking." 

There  is  practically  no  limit  to  the  smallness  of  cast- 
ings which  may  be  made  of  iron,  and  the  upper  limit  in 
size  ia  determined  by  the  ability  of  the  foundry  to  handle 
and  pour  the  metal.  Sometimes  large  castings  are 
poured  at  two  points  and  allowed  to  unite  inside  the 
mold.  There  is  danger  in  such  cases  of  the  iron  being 
cooled  too  much^  biefore  meeting,  to  unite  thoroughly. 

Cast  iron  columns  have  been  made  as  large  as  27 
Itiches   lit  diameter   and   27   feet  long. 

A  casting  of  exceptional  size  and  weight  is  one  made 
of  steel  by  the  Bethlehem  Steel  Co.  It  weighed  325,000 
lbs.  (See  Eng.  News,  July  2,  1903.)  A  special  300,000-lb. 
car  was  built  by  the  same  company  to  handle  large 
castings.  This  is  said  to  be  the  largest  freight  car  in 
the  world.  The  length  is  103  feet  10%  inches>and  weight 
196,420  lbs. 

Castings  may  be  "mended,"  that  is  broken  castings 
can  be  pieced  in  the  following  way:  The  casting  to  be 
mended  is  placed  in  a  sand  mold  with  only  the  surface 
on  which  the  new  metal  is  to  be  made  to  adhere  exposed 
to  contact  with  the  hot  metal.  Metal  is  poured  into  the 
mold  and  allowed  to  flow  out  by  another  gate.  Enough 
hot  metal  is  allowed  to  flow  past  the  surface  to  which  the 
piece  is  to  be  added  to  fuse  the  metal  for  a  little  depth. 
Then  the  outlet  in  the  mold  is  closed  and  the  mold  al- 
lowed to  All.  This  should  not  be  permitted  for  castings 
intended  for  use  in  buildings  or  any  place  where  failure 
would  be  disastrous. 

Small  castings  are  sometimes  cleaned  of  the  sand  by 
being  placed  in  a  "tumbler."  This  box  or  barrel  is  made 
to  revolve,  and  the  castings  rubbing  upon  one  another 
and  upon  small  pieces  of  iron  placed  in  the  tumbler 
are  cleaned.  Castings  are  said  to  be  toughened  by  this 
process,   the  result  being  similar  to  annealing. 

RolIlBiT — Steel  must  be  rolled  when  it  is  in  the  mal- 
leable or  plastic  state.  If  the  temperature  is  too  low, 
there  is  liability  of  breaking  the  rolls;  and  furthermore 
rolling  on  material  that  is  not  thoroughly  plastic,  unless 
it   be   slight  reduction  in   the   flnishing  pass,   will  cause 


internal  Btressea  In  the  metal  when  cold.  Aerain,  steel,  tn 
the  pa3ty  state  (between  the  liquid  and  the  plastic)  Is 
Rranular  and  unfit  to  be  worked  either  under  rolls  or 
hammer;  it  is  liable  to  break  to  pieces.  Steel  requires 
a  certain  amount  of  working:  and  if  rolled  too  hot,  even 
If  not  in  the  pasty  state,  will  not  receive  sufficient  work. 
The  effect  of  flnishlngr  too  hot  is  likely  to  be  buckled 
plates  or  shapes  warped  out  of  line  on  account  of  being: 
too  soft  while  cooling:.  The  effect  of  finishing:  too  cold 
Is  to  g:ive  harder  and  more  brittle  steel.  This  is  ob- 
jectionable in  structural  material,  where  ductility  is  a 
desirable  quality,  on  account  of  the  punching:,  bending:, 
etc.,  to  which  the  metal  must  be  subjected  in  the  shop. 
It  is  further  objectionable  in  a  structure  to  have  brittle 
material,  as  failure  may  occur  on  account  of  shocks. 
Rails  are  finished  colder  than  structural  material 
In  order  to  g:ive  the  rail  a  hard  surface  for  wear. 
In  rails  the  stresses  are  not  g:reat,  as  the 
clearance  between  the  ties  is  not  larg:e.  On  account  of 
rails  being:  high  in  carbon  and  finished  colder  than 
structural  steel  they  should  not  be  used  in  bending: 
where  shocks  are  possible,  as,  for  example,  for  string:ers 
In  a  bridge.  Girder  rails  have  been  used  as  stringers  for 
trolley  bridges  with  no  other  support  for  the  track  be- 
tween the  fioorbeams.  This  cannot  be  too  severely  con- 
demned. The  fact  that  the  rails  are  usually  Bessemer 
steel  and  therefore  high  in  phosphorus  renders  them 
the  more  liable  to  be  brittle,  especially  in  cold  weather. 

The  effect  of  finishing  steel  at  too  low  a  tempera- 
ture, and  in  fact  of  any  cold  rolling  or  drawing  can  be 
removed  by  annealing.  Mere  heating  and  allowing  to 
cool  will  often  accomplish  the  same  end. 

While  a  certain  amount  of  rolling  or  hammering  Is 
necessary  to  give  steel  the  requisite  hardness  and  com- 
pactness, this  added  hardness  is  not  so  marked  in  the 
case  of  steel  as  in  that  of  iron  In  the  ordinary  process 
of  rolling.  In  wrought  iron  the  rolling  to  smaller  sec- 
tions or  thinner  metal  increases  very  materially  the  ulti- 
mate strength.  This  Is  recognized  In  specifications  for 
wrought  iron.  The  difference  In  the  case  of  steel  Is 
small,  unless  It  be  due  to  longer  rolling  in  the  smaller 
sections  and  the  colder  finishing  heat;  It  Is  not  recog- 
nized In  specifications. 

When  a  plate  is  rolled  on  the  edges  by  vertical  rolls 
at  the  same  time  as  the  sides  are  being  rolled.  It  is  said 
to  be  a  universal  plate,  that  Is,  rolled  on  a  universal 
mill.  Plates  that  are  rolled  in  large  sheets  and  then 
sheared  to  widths  required  are  called  sheared  plates. 
Wherever   sheared   plates   are   In   tension.   It   is   best    to 

glane  off  %  to  ^  In.  to  remove  the  material  that  has 
een  injured  by  the  shearing. 

Universal  mills  are  now  being  used  to  roll  I-beams 
having  extra  wide  flanges. 

Rounds  are  rolled  in  sizes  up  to  6%  in.  For  larger 
rounds  forgings  must  be  used.  Forgings  should  have 
an  allowance  of  ^  In.  and  rolled  sections  %  In.  for 
turning.  ,  ^    ^ 

After  material  is  rolled  it  is  left  to  cool  on  beds 
or  skids.  Usually  the  unequal  contraction  leaves  the 
material  curved  or  wavy.  A  straightening  press  or 
"bulldozer"  Is  employed  to  straighten  the  pieces.  This 
machine  has  two  stationary  bumpers  and  one  which 
moves  slowly  back  and  forth,  midway  between  the  other 
two  and  on  the  opposite  side  of  the  piece  to  be  straight- 


ened,  the  stroke  of  this  bumper  can  be  regulated  by  the 
operator.  This  same  style  of  machine  is  used  to  curve 
rails  or  ang^les  cold.  Side  plates  in  curved  flanges,  if 
not  too  thin,  may  also  be  curved  cold  by  the  same  means. 

Rails  after  rolling  are  run  througrh  a  set  of  three 
rolls,  and  griven  a  camber  equal  to  that  which  they  would 
take  on  cooling,  but  in  the  opposite  direction,  so  that 
they  will  cool  nearly  straight. 

Wide  plates  that  are  buckled  after  cooling  are  very 
difficult  to  straighten.  A  set  of  five  rolls  is  sometimes 
used  to  straighten  out  such  plates.  Two  of  these  rolls 
where  the  plate  enters  are  opposite  and  the  other  three 
alternate.  The  distance  between  the  tangent  planes  of 
opposing  rollers  is  made  equal  to  the  thickness  of  the 
plate.  Rinks  and  waves  are  taken  out  of  the  plate, 
and  to  some  extent  buckles  are  removed.  In  designing 
plate  girders  care  should  be  taken  not  to  use  wide  thin 
plates,  even  if  the  shear  does  not  require  thicker  ones, 
as  the  plates  are  liable  to  be  buckled.  About  two  hun- 
dred times  the  thickness  is  a  good  limit  for  the  width 
of  girder  webs  in  clear  between  the  flanges. 

A  novel  process  of  roling,  that  has  been  attempted 
but  with  no  commercial  success,  is  that  of  making 
chain.  Rolls  have  been  made  by  which  from  a  solid 
bar  of  star  shape  a  chain  can  be  rolled.  As  it  comes 
from  the  rolls,  the  links  contain  thin  diaphragms  of 
metal,   which   must  be   cut  out. 

Another  use  for  rolls  is  to  put  threads  on  the  end 
of  a  round  rod.  The  rolling  acts  partially  to  press 
groves  in  the  metal  and  partially  to  force  metal  up 
between  these  groves.  The  strength  of  the  rod  is  thus 
not  much  impaired.  The  wires  of  suspension  cables  have 
rolled  threads  for  the  sleeve-nuts  of  the  splices.  Rods 
for  wooden  stave  pipes  are  also  threaded  in  this  way. 
The  process  is  also  being  applied  in  the  manufacture 
of  short  bolts.  For  high  tension  wire  and  for  bolts 
up  to  one  inch  or  so  in  diameter  the  thread  is  rolled  in 
cold.     Larger   bolts   are   usually   heated. 

For  curving  plates  for  boilers  and  tanks  a  set  of 
three  rollers  is  used.  Two  of  the  rollers  are  under  the 
plate,  and  the  third  is  over  it  and  midway  between  the 
other  two.  By  tightening  the  upper,  roll  and  rolling 
the  plate  back  and  forth  the  desired  curvature  is  ob- 
tained. In  order  to  avoid  "flat  ends"  the  ends  of  the 
plate  should  be  pressed  or  hammered  to  the  shape  of 
the  curve  before  being  rolled,  as  a  short  length  of  the 
plate  will  not  otherwise  be  curved. 

Forging — Forging  may  be  done  by  means  of  a  ham- 
mer or  a  hydraulic  press.  For  heavy  work  such  as  ar- 
mor plate  the  press  seems  to  give  better  results.  The 
hydraulic  press  or  forge  gives  a  more  uniform  forging 
than  the  steam  hammer,  as  the  metal  is  allowed  to  flow 
better  under  pressure  than  under  a  blow.  The  hammer 
affects  the  metal  superficially,  whereas  the  efiCect  of  the 
hydraulic  press  extends  to  a  greater  depth. 

If  a  steel  forging  is  to  be  large,  the  entire  ingot  is 
used;  if  very  large,  as  for  armor  plate  or  large  shafts, 
a  special  ingot  must  be  cast.  Sometimes  the  contents 
of  several  furnaces  are  poured  at  once  into  the  same 
ingot  mold.  The  ingot  for  the  shaft  of  the  Ferris  Wheel 
weighed  110,000  lbs.  It  was  forged  hollow.  The  finished 
weight  of  this  shaft  was  89,300  lbs.  The  hollow  of  the 
shaft  was  14  inches  in  diameter,  and  the  shaft  at  the 
bearings  was  30  inches  in  diameter,   being  32   inches  at 


the  widest  part  Pieces  of  armor  plate  sometimes  re- 
quire the  contents  of  three  open  hearth  furnaces.  For 
small  forcings  the  ingots  are  first  rolled  into  blooms 
or  billets.  When  a  larg^e  hollow  forgrine  is  to  be  made, 
the  ingrot  is  sometimes  cast  hollow,  and  the  forgring^  is 
done  around  a  mandrel. 

Seamless  tubing  is  made  out  of  a  short  Ingrot  which 
Is  first  made  hollow  by  forcing  a  ram  through  the  center. 
This  is  then  drawn  out  (hot)  by  plaicing  on  a  mandrel 
having  springs  to  force  it  against  rolls.  The  revolying 
of  the  rolls  acts  like  a  hammer,  reducing  the  diameter, 
and  the  piece  enters  between  the  rolls  by  degrees,  as 
its  reduced  diameter  allows.  Besides  this  swedging 
process  there  are  other  processes  for  making  seamless 
tubing.  One  is  by  a  kind  of  transverse  rolling  by  means 
of  which  the  tube  is  revolved  and  the  metal  spun  out 
into  the  shape  required.  In  this  process  the  billet  is 
not  pierced  previous  to  the  rolling,  but  in  the  operation 
a  pointed  mandrel  held  in  the  middle  of  the  metal  grad- 
ually forces  its  way  through.  Seamless  tubing  is  also 
made  from  a  flat  plate  by  repeated  cupping  operations, 
until  a  deep  cup  is  formed,  the  bottom  of  which  is  cut 
off.     The  tube  is  finished  by  drawing. 

Eye-bars  are  forged  by  first  upsetting  the  bar  and 
then  shaping  the  head  in  a  die.  The  die  is  the  shape 
of  the  head  and  the  hammer  fits  into  it.  Forgings  made 
thus  are  said  to  be  die-forged.  The  more  improved  hy- 
draulic forges  form  the  heads  of  the  eye-bars  with  prac- 
tically one  operation,  upsetting  the  bar  into  the  die  for 
the  head.  Also  while  the  bar  is  hot  the  core  is  punched 
out  for  the  pin  hole,  to  avoid  the  slower  and  more  ex- 
pensive process  of  drilling  a  small  hole  before  boring 
the  pin  hole. 

Sometimes  eye-bars  are  made  by  piling  the  heads, 
that  is  building  up  pieces  of  steel  (or  alternate  layers 
of  steel  and  wrought  iron  to  aid  the  welding)  on  the 
bar,  and  welding  the  whole  together.  There  is  always 
the  uncertainty  of  steel  welds  in  such  eye-bars.  They 
cannot  be  made  as  good  as  upset  bars  and  should  not 
be   used   in   permanent   work. 

Some  eye-bars  are  made  by  scarf-welding  pieces  on 
the  edge  of  the  bar  and  forging  the  head  out  of  the 
widened  part.  This  is  even  more  objectionable  than  a 
head  that  is  formed  by  spreading  out  a  pile  of  metal  as 
in  the  last  named  method.  By  that  method  the  bar  itself 
is  flattened  out;  by  this  the  original  bar  the  only  re- 
liable part  of  the  head,  will  be  nearly  all  cut  out  in  the 
pin  hole. 

A  way  of  making  heads  on  bars  that  is  worse  than 
either  of  the  last  mentioned  consists  in  bending  a  sepa- 
rate piece  into  a  loop  or  head  and  butt-welding  this  to 
the  end  of  the  bar. 

Still  another  method  of  making  eye-bars,  though  a 
very  expensive  one,  is  to  cut  them  out  of  broad  plates. 
By  this  method  higher  steel  can  be  used,  and  by  cold 
rolling  of  the  flats  the  elastic  limit  and  ultimate  strength 
could  be  raised.  Since  there  is  no  annealing  of  the  bars 
after  manufacture,  the  effect  of  the  cold  rolling  would 
not  be  destroyed.  In  a  suspension  bridge  built  a  few 
years  ago  at  Budapest,  Hungary,  the  chains  were 
made  of  eye-bars  cut  out  of  plates.  The  steel 
used  is  high  carbon  (1.20  to  1.50  per  cent.)  Martin  steel. 
The  bars  are  about  31  ft.  long,  the  section  being  18  in« 
X  1  in.  and  the  heads  35  in.  in  diameter. 
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A  drop  forging  is  forged  in  a  die  or  between  two 
dies  by  the  drop  of  a  hammer,  or  by  several  blows  of 
the  same. 

Upsetting  is  a  process  of  forging  a  bar  or  rod  by 
means  of  which  the  end  is  enlarged  in  diameter  or  in 
sectional  area.  It  is  usually  done  by  a  hydraulic  press. 
The  bar  is  heated  for  the  required  length  at  the  end; 
it  is  then  clamped  in  a  die  whose  interior  dimensions 
are  those  of  the  upset  required.  A  plunger  is  forced  into 
the  die  by  hydraulic  pressure,  which  upsets  the  material 
of  the  bar  and  makes  it  fill  the  die.  Upsetting  is  done 
in  the  manufacture  of  eye-bars  or  in  plain  bars  where 
the  ends  are  to  be  threaded:  the  latter  is  to  preserve 
the  tensile  strength  of  the  bar.  An  upset  is  sometimes 
counterfeited  by  welding  a  stub  on  the  end  of  a  rod, 
the  stub  having  a  larger  diameter  than  the  rod.  It 
would  be  better  to  cut  the  thread  on  the  solid  bar  than 
to  w^eaken  the  bar  by  increasing  its  diameter  by  this 
means.     A  weld  of  this  sort  is  extremely  uncertain. 

Segmental  rollers,  that  is,  rollers  having  two  flat 
sides,  are  sometimes  forged  out  of  billets  to  a  shape 
approximating  the  finished  shape  of  the  roller.  Seg- 
mental rollers  are  used  where  very  heavy  loads  rest  on 
roller  shoes  and  a  roller  of  large  diameter  is  needed. 
The  sides  are  cut  away  so  as  to  bring  the  rollers  nearer 
together.     Sometimes  these  rollers  are  made  of  cast  steel. 

The  crimping  of  stiffening  angles  is.  of  course,  a 
forfiring  process.  This  consists  in  bending  an  angle  so 
as  to  fit  against  the  web  plate  of  a  girder  and  over  the 
flange  angle,  so  as  to  avoid  the  use  of  flllers.  Stiffeners 
should  never  be  crimped  when  they  are  required  to  act 
as  columns  in  supporting  vertical  loads  or  transferring 
reactions  into  the  web  plate.  They  are  admissible  in 
through  girders  at  intermediate  points  to  stiffen  the 
web,  but  in  deck  girders  it  is  better  to  use  straight 
angrles  and  fillers  on  account  of  the  tie  load  resting  on 
the  top  flange. 

Sharp  curves,  as  those  in  the  rounded  corner  of  a 
plate  girder,  in  angles  and  in  cover  plates  of  about  ^  in. 
thickness  and  greater,  are  made  by  heating  and  ^bending 
the  pieces.  Care  must  be  taken  in  designing  so  that 
such  pieces  that  are  to  be  bent  or  forged  will  not  be  too 
large  to  handle.  Splices  should  be  made  as  near  the  end  of 
least  stress  as  practicable.  For  bending  the  flange  an- 
gles for  the  rounded  ends  of  girders  a  cast  iron  form 
is  used,  which  is  cut  out  to  receive  the  flange  in  the 
plane  of  the  bend,  preventing  it  from  being  buckled. 
Shops  have  standard  radii  for  such  curves  to  suit  these 
forma 

Dished  ends  of  tanks  for  cars  and  other  similar  tank 
vrorlL  are  usually  formed  from  the  hot  plate  in  one  or 
t'wo  pieces  by  means  of  a  concave  and  a  convex  casting. 
The  former  is  buried  in  the  ground  and  acts  as  an  anvil, 
while  the  latter  is  dropped  upon  the  plate.  A  hydraulic 
press  may  also  be  used  to  dish  such  plates.  Plates  are 
regularly  dished  and  flat,  circular  boiler  ends  are  flanged 
in  diameters  up  to  nine  or  ten  feet.  Larger  heads  may 
require  to  be  in  two  pieces. 

Another  method  of  dishing  plates  is  by  use  of  a  wide 
ja'wed  punch.  By  using  a  blunt  tool  in  the  punch  and 
a  large  die  the  plate  is  forced  into  the  spherical  shape, 
cold,  a  little  at  a  time.  This  method  is  much  used  in 
maJsing  spherical  bottoms  in  steel  tanks. 

Pressliig — Pressing  of  steel  into  shapes  sometimes  re- 


quires  the  pieces  to  be  heated,  and  sometimes  the  cold 
steel  is  pressed.  Where  deep  curves  are  to  be  formed,  the 
pieces  are  heated  red  hot;  the  ductility  of  steel,  how- 
ever, admits  of  its  being:  materially  changed  in  form 
when  cold  without  destroyingr  the  strengrth.  Flat  plates 
can  be  flanged,  that  is,  bent  to  a  right  angle,  in  a  hy- 
draulic press,  without  heating;  beams  and  channels  can 
be  bent  along  the  middle  of  the  web  until  the  flanges 
are  at  right  angles  to  each  other;  this  work  can  be  done 
on  the  cold  metal.  Buckled  plates  are  made  by  pressing 
the  cold  plates  between  two  dies  in  a  hydraulic  press, 
each  buckle  requiring  one  operation.  A  pressure  of 
about  60  tons  is  required.  The  edges  of  the  plates  are 
drawn  in  somewhat,  opposite  the  middle  of  the  buckle, 
and  they  require  shearing  to  make  them  parallel.  Punch- 
ing is  done  after  they  are  buckled   and   sheared. 

Corrugated  iron  is  sometimes  made  by  pressing  a  cor- 
rugation at  a  time  in  the  sheet.  Another  method  is  to 
pass  the  sheet  through  crimping  rollers. 

Stamping  is  pressing  sheets  into  various  shapes,  as 
imitation  stone,  etc.,  or  utensils  made  of  tin  plate. 

Cold  RollliiK  or  Drawlnar — Heavy  sections  to  be  cold 
rolled  or  drawn  must  first  be  rolled  hot  to  nearly  the 
required  dimensions.  The  pieces  are  then  pickled,  or 
soaked  in  acid  to  remove  the  mill  scale,  and  forced 
through  rolls  under  heavy  pressure,  or  drawn  through 
a  die,  reducing  the  dimensions  a  little  by  each  pass. 
Small  sections  can  be  reduced  very  materially  in  cross 
section  by  this  process.  The  tenacity  and  hardness  of 
steel  are  greatly  increased  by  the  operation  of  cold 
rolling  or  drawing.  For  example,  steel  of  80,000  lbs. 
ultimate  strength  per  sq.  in.  can  be  drawn  into  wire 
having  an  ultimate  strength  of  220,000  lbs.  per  sq.  in. 
The  strength  of  wrought  iron  is  also  greatly  increased 
by  cold  rolling  or  drawing.  These  properties  are  lost 
and  the  original  condition  of  the  steel  or  iron  restored 
by  the  mere  heating  to  a  red  heat.  The  outer  wires  of 
the  cable  of  the  new  East  River  suspension  bridge, 
where  heated  by  the  fire  some  years  ago,  were  reduced 
from  the  high  tenacity  given  by  the  cold  drawing  to 
that  of  the  original  steel.     (See  Eng.  News,  Jan.  22,  1903.) 

Drawn  tubing  is  made  over  a  mandrel;  that  is,  a 
rod  fitting  the  inside  of  the  tube  is  placed  in  the  tube 
when  it  is  being  drawn. 

Cold  rolling  and  drawing  not  only  raise  the  ultimate 
strength  but  also  the  elastic  limit,  and  the  latter  in  a 
much  greater  ratio.  For  example,  the  wires  for  the  new 
Williamsburg  Bridge  had  a  specified  ultimate  strength 
of  200,000  lbs.  per  sq.  in.  and  elastic  limit  of  180.000  lbs. 
per  sq.  in.  These  were  drawn  from  steel  which,  when 
annealed,  had  an  ultimate  tensile  strength  of  about  80,- 
000  lbs.  per  sq.  in.,  the  elastic  limit  of  which  would 
probably  be  about  60,000  lbs.  per  sq.  in. 

Cold  hammering  has  the  same  effect,  to  a  limited  ex- 
tent,  as  cold   rolling. 

Peenlnff  is  the  name  griven  to  cold  hammering  of 
metal  locally.  Wrought  pipes  are  made  to  fill  out  cast 
fiangers  by  peening.  Cold  riveting  with  a  hammer  is 
a  kind  of  peening.  Rungs  for  a  steel  ladder  are  some- 
times shouldered,  and  the  ends  are  peened  or  cold  ham- 
mered to  secure  them  in  the  holes  punched  in  the  side 
bars. 

Splnnlni:  is  the  process  by  which  a  flat  plate  is  flanged 
or  turned  up   on  tne  edge  or  a  tube  is  flared  out.     The 
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metal  Is  gradually  stretched  or  thickened  up  by  the  roU- 
ing  of  a  wheel  as  the  piece  revolves.  Large  steel  pipes 
are  spun  out  to  fit  over  ringrs  or  tiangres  at  the  joints. 
This  is  a  cold  process. 

Cold  beBdlns  of  steel  Is  often  resorted  to.  Flange 
angles  for  girders  can  be  bent  to  a  gentle  curve,  cold. 
Some  6-in.  by  6-in.  angles  were  bent  to  a  six-foot  radius 
in  a  bulldozer,  for  a  bascule  bridge.  Angles  are  bent  in 
pairs  to  prevent  distortion.  Side  plates,  12  in.  by  %  in., 
lor  the  same  girders  were  also  bent  cold  by  the  same 
means.  It  was  necessary  to  clamp  the  plates  to  prevent 
buckling.  Web  plates  12^  in.  by  ^  in.  for  an  armory 
roof  truss  were  curved  to  a  60-ft.  radius  by  cold  rolling 
stretching  out  one  edge  of  the  plate.  Rails  for  street 
railways  may  be  bent  cold  to  60  ft.  radius  either  by  pres- 
sure or  roller  benders.  Large  pipes  are  usually  filled 
with  sand  to  prevent  caving  in,  when  being  bent.  Small 
pipes  are  sometimes  filled  with  coil  springs. 

'Welding — At  a  welding  heat  wrought  iron  becomes 
pasty  and  will  adhere  very  firmly  to  other  iron  brought 
up  to  the  same  heat.  When  lapped  and  welded,  a  bar  is 
nearly  as  strong  as  the  unwelded  bar.  Loops  can  be 
made  in  wrought  iron  that  will  develop  the  strength 
of  the  bar.  Welds  should  never  be  permitted  in  the 
body  of  the  bar,  however.  The  superiority  of  wrought 
iron  over  steel  for  welding  is  well  known.  Steel  can 
be  w^elded  under  favorable  conditions.  Blister  steel  (dou- 
ble shear  steel)  is  made  by  welding  bars  of  steel  to- 
gether. In  this  case,  however,  the  heat  in  the  furnace 
is  uniform,  and  there  is  not  the  same  liability  to  burn 
as  In  a  forge.  Large  welded  pieces  should  not  be  used 
in  a  structure.  Small  loop  rods  can  be  made  in  steel 
that   will  develop  nearly  the  full  strength  of  the   steel. 

When  steel  is  in  the  granular  or  pasty  state  (be- 
tween the  liquid  and  the  malleable)  is  possesses  greatest 
adhesion.  In  this  state  it  would  be  most  easily  welded, 
but  on  account  of  its  action  under  the  hammer  or  rolls 
when  in  this  condition  it  should  not  be  welded.  This 
condition  is  indicated  by  the  creamy,  almost  scintillating 
color.  Steel  should  be  welded  below  this  heat.  The 
uncertainty  of  steel  welds  lies  in  the  fact  that  if  too 
highly  heated,  its  structure  is  liable  to  be  destroyed  by 
hammering,  and  if  not  hot  enough  It  will  not  adhere. 
The  small  range  of  heat  in  which  the  welding  may  be 
done  calls  for  much  skill  on  the  part  of  the  blacksmith. 
To  attain  this  heat  locally  in  a  forge  is  very  difficult. 

In  the  case  of  wrought  iron  these  difficulties  are  not 
met  with.  When  highly  heated,  wrought  iron  is  pasty 
and  adhesive;  hammering  does  not  injure  it. 

Any  steel  that  is  welded  should  be  low  in  carbon, 
preferably   not  over  ten-hundredths  of   one   per  cent. 

Sometimes  in  bending  angles  for  knee  braces  or  other 
parts  of  a  structure  a  V-shaped  piece  is  cut  out  of  the 
fiange  and  the  edges  welded  together.  This  should  not 
be  permitted,  if  the  angle  is  not  fully  spliced,  if  its 
strength  is  required  at  the  bend. 

Occasionally  a  part  of  a  member,  as  a  flange  angle 
of  a  plate  girder,  comes  too  short  from  the  mill  by  an 
inch  or  so.  It  is  permissible  to  weld  on  a  short  piece, 
because  there  is  little  or  no  stress  in  the  angles  at  the 
end. 

Welded  tubing  (lap  welds)  is  made  by  first  scarfing 
the  edges  of  a  plate  and  then  heating  it  uniformly  in  a 
furnace  to  the  welding  heat.     The  piece  is  then  drawn 
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out  of  the  furnace  and  througrh  a  die  or  through  rolls, 
a  bullet-shaped  mandrel  being  held  In  Hhe  center  to 
shape  the  interior  of  the  tube.  The  die  is  located  just 
in  front  of  the  furnace,  so  that  no  time  is  allowed  for 
the  steel  or  iron  to  cool.  The  smaller  sizes  of  pipe  are 
drawn  out  of  the  furnaces  flat,  while  larger  sizes,  or 
tubes,  Q,re  curved  before  welding.  Larger  pipes  and 
tubes  are  run  through  rolls  over  the  ball,  while  smaller 
pipes   are   run   through   dies. 

Welded  pipe  is  made  as  small  as  %  in.  inside  diam- 
eter and  as  large  as  30  in.  outside  diameter.  It  is  com- 
mon practice  to  make  3-in.  pipe  and  all  smaller  sizes 
by  the  butt-weld  process  and  larger  sizes  by  the  lap- 
weld  process.  This  applies  only  to  standard  pipe:  lighter 
classes  of  tubes  can  be  made  only  by  lap-welding.  Lap- 
welded  pipe  will  withstand  bending  and  twisting  better 
than  butt-welded  pipe. 

It  is  possible  now  to  purchase  lap  welded  pipe  five 
or   six   feet   in   diameter. 

Electric  and  oxy-acetylene  welding  are  done  by  train- 
ing an  arc  or  a  flame  on  the  spot  to  be  welded.  Steel 
and  iron  can  be  welded  locally  and  even  superflcially 
by  these  means.  The  oxy-acetylene  flame  will  cause 
the  metal  to  melt  at  the  surface  and  flow  like  water. 
The  color  when  thus  melted  is  a  pearly  white.  A  ?rod 
of  steel  is  used  to  flll  in  cavities.  Flanges  and  branohes 
may  be  welded  on  pipe  by  this  method.  Castings  can 
be  mended.  However,  if  a  cracked  steel  casting  is 
mended  by  this  means  or  if  a  large  weld  is  made  on  a 
casting,  shrinkage  strains  are  set  up.  These  may  be 
serious  enough  to  crack  the  casting.  Annealing  after 
such    welding    or    mending    is    very    essential.  ^■. 

Thermit  welding  is  a  sort  of  casting  process.  Molten 
iron  is  reduced  from  the  oxide  by  the  presence  of  alumi- 
num. This  iron  at  a  high  heat  is  made  to  flow  into  a 
mold  formed  about  the  pieces  to  be  welded.  The  heat 
of  the  molten  iron  melts  or  softens  the  other  metal  and 
adhesion  is  effected.  Street  railway  rails  are  sometimes 
welded  together  by  this  means,  and  broken  parts  of 
heavy    machinery    are    sometimes    mended. 

Annealing: — Annealing  is  the  process  by  which  a  uni- 
formity in  structure  is  imparted  to  steel  when  its  previous 
treatment  may  have  affected  it  locally;  or  by  which 
steel  is  softened  when  working  or  sudden  cooling  may 
have  rendered  it  hard.  It  is  done  by  heating  the  steel 
to  a  uniform  heat  and  allowing  it  to  cool  very  slowly. 
When  any  forging  has  been  done  requiring  the  heating 
of  a  part  of  a  piece  of  steel,  the  entire  piece  should  be 
subsequently  annealed  to  restore  uniformity  to  its  struc- 
ture and  to  relieve  it  of  any  internal  strains.  Eye- 
bars  after  forging  should  be  annealed.  To  do-  this  they 
are  placed  in  a  furnace  heated  with  gas  or  other  fuel 
the  blaze  passing  over  the  bars.  They  should  be  heated 
to  a  medium  orange  color  (a  temperature  of  about  1400 
deg.  F.),  uniform  throughout  the  bar,  and  then  the  heat- 
ing stopped  and  the  furnace  allowed  to  cool  off  with 
the  bars  inside.  The  cooling  should  require  twelve  hours 
or  more. 

Sometimes  annealing  is  done  by  burying  the  heated 
steel   in   non-conducting   material    such    as   ashes. 

High  steel  that  is  to  be  cut  with  tools  must  be  an- 
nealed. If  it  has  been  quenched  from  a  high  heat,  it 
should  be  brought  up  to  that  heat  or  above  it  for  an- 
nealing. 
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Crimped  stiffeners  are  seldom  required  to  be  annealed 
after  forging.  This  is  one  reason  why  they  should  never 
be  called  upon  to  take  any  load;  they  are  useful  only 
to  stiffen  the  web  plate. 

Steel,  after  being  bent  cold  to  any  considerable  curv- 
ature, should  be  annealed  to  eliminate  the  Internal 
stresses. 

All  steel  castings  should  be  annealed.  The  proper 
heat  to  which  the  castings  should  be  brought  Is  be- 
tween   1450   and   1650   deg.   F. 

After  steel  is  annealed  it  is  covered  with  a  red  coating 
due  to  oxidation  in  the  furnace.  Unscrupulous  manu- 
facturers sometimes  counterfeit  this  coating  by  painting 
the  metal  with  sal-ammoniac,  which  causes  a  coat  of 
rust  to  form  quickly  on  the  surface,  griving  the  appear- 
ance of  metal  that  has  been  annealed.  The  sal-ammoniac 
can  be  detected  by  "tasting"  the  metal. 

Cast  iron  is  generally  not  annealed  in  the  ordinary 
sense  (except  in  the  manufacture  of  malleable  castings). 
However,  cast  iron  car  wheels  are  taken  out  of  the  sand 
while  quite  hot  and  placed  in  piles  in  an  annealing  or 
soaking  pit  where  they  are  covered  and  allowed  to  cool 
slowly  for  three  or  four  days. 

Hardening — Soft  or  hard  steel  that  is  hammered  or 
rolled  at  a  low  temperature,  or  high  steel  that  is  heated 
and  "quenched."  that  is.  suddenly  cooled  by  dropping 
in  water  or  oil.  is  rendered  harder  than  the  same  steel 
will  be  if  left  to  cool  from  the  liquid  state  under  ordi- 
nary conditions.  This  is  taken  advantage  of  in  the 
making  of  tools,  to  give  them  the  extra  hardness  re- 
quired. Some  tools  are  hammer  dressed  in  forging,  that 
Is,  tapped  lightly  with  the  hammer  at  the  red  heat,  so 
as  to  increase  the  hardness. 

Steel  for  springs  or  for  tools,  after  being  forged  and 
allowed  to  cool,  should  be  re-heated  and  brought  up  to 
the  "refining  temperature,"  a  little  above  the  heat  of 
recalescence  (a  medium  orange  color).  The  pieces  should 
then  be  dropped  into  a  bath  of  oil.  Sometimes  they  are 
hardenend  in  water. 

Case  hardening  is  the  term  applied  to  a  process  by 
which  a  hard  skin  of  metal  is  formed  on  steel  pieces  to 
make  them  more  resistant  to  wear.  To  effect  this  the 
pieces  are  usually  packed  in  a  closed  box.  surrounded 
by  charcoal,  bone  black,  salt,  potash,  or  mixtures  of 
these.  They  are  then  heated"  to*  1400  or  1500  deg.  P.  and 
cooled  suddenly  by  dropping  in  water.  Sometimes  the 
pieces  are  coated  with  prussiate  of  potash  knd  heated 
and  then  quenched  in  water.  The  absorption  of  carbon 
and  the  chilling  act  to  produce  the  hard  surface. 

By  the  Stroh  steel  hardening  process  steel  castings 
are  given  a  hard  surface  by  means  of  an  application  on 
the  inside   of  the  mold   before   pouring  the   steel. 

Low  carbon  steel  such  as  ts  used  for  structural  pur- 
poses will  not,  or  should  not,  harden  when  quenched 
from  dark  cherry  red  in  water  at  ordinary  temperature. 
This  is  shown  in  the  bend  test  that  is  usually  prescribed 
for  structural  steel. 

Tempering  of  tools  is  done  by  another  re-heating  after 
hardening  and  a  second  quenching  in  water.  The  degree 
of  heat  Is  gaged  by  the  color  of  oxide  formed  on  the 
surface.  This  ranges  from  pale  yellow  to  blackish  blue. 
The  latter  is  fi-t  a  temperature  of  600  deg.  P.  Sometimes 
the  pieces  are  held  in  a  fiame  until  the  oil  of  the  first 
quenching  fiashes  and  then  they  are  dropped  in  water. 
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Sheartnfl; — Shears  are  used  In  the  mills  to  cut  rolled 
pieces  to  length  or  to  shear  wide  plates  to  the  proper 
width,  and  in  the  shops  to  trim  and  cut  the  material. 
Billets  (hot)  and  most  of  the  rolled  sections  in  struc- 
tural steel  can  be  cut  by  shears.  Cast  tool  steel  when 
cold  must  be  nicked  and  broken.  The  shearing  of  a 
beam  or  channel  requires  a  special  machine.  This  ma- 
chine first  punches  an  oblong  slot,  the  transverse  di- 
rection, and  then  the  wedge  shaped  bit  which  acts  as 
a  shear  cuts  out  short  pieces  from  the  flanges.  Angles 
are  cut  in  a  shear  having  knives  at  right  angles  to  each 
other.  The  shear  moves  in  a  diagonal  direction  and 
cuts  both  flanges  at  once.  Angles  can  be  cut  on  a  bevel, 
one  flange  being  cut  perpendicular  to  the  back  and  the 
other  at  an  angle  with  it.  The  direction  of  the  oblique 
cut  should  be  kept  within  45  deg.  of  the  perpendicular. 

Special  shears  are  made  for  cutting  zee  bars.  Where 
no  such  tool  is  available,  they  may  be  cut  by  punching 
a  line  of  holes. 

Tees  may  be  cut  on  plate  shears  by  first  cutting  the 
fianges  and  then  the  stem  and  breaking  the  remaining 
portion. 

When  a  long  line  is  to  be  sheared,  the  knife  is  slop- 
ing so  as  not  to  sever  the  piece  entirely;  it  acts  like  an 
ordinary  pair  of  shears.  After  each  cut  the  piece  is 
moved  forward.  By  this  same  style  of  shear  re-entering 
angles  can  be  cut  in  plates.  Formerly  re-entering  angles 
were  avoided  in  detailing,  but  now  they  are  commonly 
employed.     It   is  a   good   plan   to   punch   a   hole   in   the 

folate  at  the  vertex  of  a  re-entering  angle  before  shear- 
ng.  This  prevents  a  sharp  corner  and  lessens  the  lia- 
bility of  the  plate  to  crack. 

For  shearing  circular  plates  a  special  shear  is  made 
in  which  the  plate  is  made  to  revolve.  The  shearing 
is  done  by  two  disc-shaped  wheels.  This  will  cut  the 
thinner  plates;  for  thick  plates  the  circle  is  marked  out 
and  sheared  on  a  straight  shear  in  short  cuts.  A  rotary 
shear  working  on  the  same  principle  as  the  other  is  now 
much  used  to  shear  a  beveled  edge  for  calking  on  tank 
and  boiler  plates.  One  of  the  discs  has  a  beveled  face. 
Both  discs  in  these  rotary  shears  are  driven  and  each 
is  milled  on  the  surface  so  as  to  force  the  plate  for- 
ward. 

So-called  expanded  m'etal  is  made  out  of  a  sheet  of 
metal  by  means  of  a  special  kind  of  shear.  At  each 
stroke  of  the  machine  a  line  of  slits  is  cut  across  the 
plate.  In  one  process  the  knives,  as  they  shear  the 
sheet,  press  the  metal  out  to  form  half  of  the  diamond 
shapes.  The  next  stroke  cuts  a  line  of  slits  alternating 
with  the  first  and  presses  the  metal  out  to  form  the 
other  half  of  the  diamonds.  Some  processes  expand  the 
sheets  after  the  shearing  is  done. 

Coping  is  done  by  a  special  kind  of  shear  or  punch. 
To  cope  a  beam  is  to  cut  it  so  that  the  end  will  fit  against 
the  side  of  another  beam.  In  the  operation  of  coping 
the  fianges  are  sheared  or  punched  oft  back  as  far  as 
required.  Then  the  pieces  are  cut  out  of  the  web.  For- 
merly the  coping  was  done  by  means  of  a  slotting  ma- 
chine, the  cut  being  made  by  the  slow  process  of  a  ver- 
tically moving  tool  shaving  its  way  through  the  steeL 
As  In  other  re-enterant  shearing,  coping  in  the  common 
way  is  apt  to  crack  the  metal  in  the  web  or  flange  of 
a  beam.  An  inspector  should  pay  special  attention  to 
this  in  examining  a  coped  beam. 
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PameUBiP— The  usual  method  of  locating  holes  for 
rivets  is  to  make  first  a  template  of  wood  the  size  of 
one  flange  of  an  angrle  or  beam  to  be  punched,  or  f\iUng 
the  web  of  a  channel  or  beam»  or  framed  to  the  outlines 
of  a  plate,  or  constructed  in  such  a  way  and  with  such 
iTuides  that  it  can  be  readily  fitted  to  the  piece  to  be 
punched.  In  this  template  are  bored  holes  at  the  proper 
location  for  rivet  holes.  Center  punches  are  then  used 
to  mark  the  location  of  holes  in  the  steel  work.  For 
rivet  holes  where  no  reaming:  Is  to  be  done  the  diameter 
of  the  punch  should  be  one-sixteenth  of  an  inch  larger 
than  that  of  the  rivet.  Generally  the  diameter  of  the 
die  is  one-sixteenth  greater  than  that  of  the  punch. 
For  a  rivet  %  in.  in  diameter  the  holes  are  therefore 
13-16  in.  on  one  side  of  the  plate  and  %  in.  on  the  other 
(the  die)  side.  They  are  called  13-16  In.  holes.  In  punch- 
ing steel,  metal  the  thickness  of  the  diameter  of  the 
fiunch,  or  a  little  thicker,  is  the  usual  limit,  if  the  break- 
ng  or  punches  is  to  be  avoided.  Thicker  metal  can  be 
gunched,  but  it  is  lable  to  break  the  tool.  This  should 
e  taken  into  account  In  selecting  the  thickness  of  ma- 
terial, when  the  size  of  rivets  has  been  determined,  or 
In  choosing  the  size  of  rivets. 

Where  practicable  only  one  size  of  rivet  should  be 
used  in  any  piece  or  set  of  smilar  pieces,  as  extra  hand- 
ling is  necessitated  in  punching  more  than  one  size  of 
hole.  When  a  flange  of  a  channel  or  I-beam  will  not 
admit   of  a  size   of   rivet   in   conformity   with   the   other 

f»arts,  smaller  rivets  may  be  used  in  the  flanges  than 
n  the  web.  In  this  case,  as  the  flanges  are  punched 
with  a  special  die  to  fit  the  slope,  there  would  have  to  be 
double  handling  in  any  event.  The  lattice  bars,  and 
tie  plates,  if  it  be  a  built  member,  will  then  have  the 
smaller  size  of  holes  only. 

After  long  pieces  are  punched  it  is  usually  necessary 
to  straighten  them  before  assembling  them  to  make  the 
built  section.  Punching  stretches  out  the  material  and 
in  unsymmetrical  parts  usually  gives  a  curve  to  the 
niece.  The  straightening  should  be  done  in  a  straighten- 
ing press.  If  the  conical  projection  in  the  center  of  the 
punch  is  small  it  is  said  to  stretch  the  material  less  than 
a  punch  having  a  large  projection.  When  many  holes 
are  punched  in  a  flange  angle  of  a  girder,  it  is  liable 
to  stretch  the  angle  longer  than  the  web  plate,  so  that 
the  holes  near  the  end  will  not  match.  As  the  web 
plate  is  usually  in  more  than  one  piece,  this  difficulty 
Is  generally  obviated.  When  there  are  more  holes  in 
one  flange  than  in  the  other,  as  when  one  flange  has  a 
cover  plate  and  the  other  has  not,  the  material  of  one 
flange  will  be  stretched  out  more  than  that  of  the  other. 
This  may  result,  in  the  case  of  a  girder  with  only  bot- 
tom flange  plates,  in  making  a  dip  in  the  girder,  or  in 
taking    out    the    camber. 

The  pinching  of  the  metal  in  driving  rivets  has  often 
a  very  marked  effect  on  the  alignment  of  a  member  and 
"wrill  sometimes  cause  buckling  of  wide  plates.  Members 
^vlth  a  large  number  of  rivets  in  one  side  or  one  flange 
and  a  less  number  In  the  other,  are  very  diflPIcult  to 
hold  straight.  Large  gusset  plates  with  many  rivets 
located  near  the  middle  of  the  plate  are  apt  to  be  dished 
by  the  riveting  process. 

For  structural  work  rivets  should  not  be  spaced  any 
closer  center  to  center  than  three  times  the  diameter 
of    the    rivet.     In    boilers    and    tanks    closer    spacing    is 
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generally  used.  If  closer  spaciner  is  found  necessary 
in  special  cases,  the  holes  should  be  drilled  or  else 
punched  smaller  and  reamed.  Ordinary  close  spacing 
of  rivets  should  be  made  four  diameters.  This  spacing 
should  be  employed  near  the  ends  of  compression  mem- 
bers and  in  end  connections  of  riveted  members.  It  is 
usually  required  that  rivets  be  no  closer  to  the  edge  of 
material   than   two   times   the   diameter. 

High  steel,  containing  about  one  per  cent,  of  carbon, 
cannot  be  punched  without  running  the  risk  of  breaking 
the  punch.  Such  steel  if  heated  red  hot  can  be  punched, 
however. 

A  multiple  punch  is  a  machine  which  punches  more 
holes  than  one  at  a  time.  The  web  plate  of  a  girder  may 
be  put  in  this  machine  and  the  two  or  more  rows  of 
holes  punched  at  once.  The  entire  line  of  holes  for  a 
stiffener  may  be  punched  at  one  time.  In  shops  where 
a  multiple  punch  is  used  it  is  essential  to  make  the  rivet 
holes  in  the  girder  summetrical  and  those  in  the  stif- 
feners  the  same  as  far  as  practicable.  Intermediate 
stifFeners  will  require  less  rivets  than  end  stifCeners, 
hence  some  six-inch  spaces  can  be  made  in  the  former 
where  two  three-inch  spaces  would  come  in  the  latter. 
There  are  also  certain  limitations  regarding  the  spacing 
of  holes,  such  as  the  minimum  distance  across  the  web 
between  longitudinal  rivet  lines  and  the  most  advan- 
tageous spacing  longitudinally.  The  distance  between 
longitudinal  rows  of  rivets  is  sometimes  limited  to  2% 
inches.  If  work  is  detailed  when  it  is  not  known  at  what 
shop  it  will  be  fabricated,  these  general  rules  should  be 
followed,  using  as  regular  spacing  as  practicable,  avoid- 
ing eighths  or  sixteenths  in  the  spacing  if  possible. 
The  two  angles  for  a  plate  girder  or  the  two  parts  of 
a  built  member  may  be  clamped  together  and  run  through 
the  multiple  punch. 

Elliptical,  or  square,  or  large  round  holes  may  be 
punched  in  steel.  They  require  special  tools,  however, 
which  are  not  often  found  in  a  bridge  shop,  where  the 
magnitude  of  a  contract  Justifies  it,  these  tools  are  often 
made.  Slotted  holes  for  expansion  connections  are  usu- 
ally made  by  punching  two  or  more  round  holes  in  a 
line  and  cutting  the  sides  with  a  cold  chisel.  A  slot  in 
a  plate,  through  which  another  plate  passes,  may  also 
be  punched   out  in   this   manner,   or  a  square   or   oblong 

Eunch  may  be  used.  Where  pin  holes  in  plates  are  to 
e  bored,  the  core  is  punched  out  by  means  of  a  rivet 
punch.  Curved  outlines  of  a  plate  in  ornamental  work 
are  cut  in  the  same  way.  Some  shops  are  fitted  with 
special  machines,  such  as  a  punch  that  will  cut  out  an 
Li-shaped  hole  for  an  angle,  or  one  that  will  split  an 
angle  at  the  heel  and  bend  back  the  legs  for  rivet  holes. 

A  novel  use  to  which  a  punch  may  be  put  is  that 
of  cutting  out  rivets.  Without  cutting  off  the  heads  the 
punch  will  force  the  shank  of  the  rivet  through  the  die 
as  it  would  a  punching  out   of  a  plate. 

Holes  may  be  punched  in  the  field  by  means  of  a  hand 
tool  called  a  screw  punch.  One  or  two  men  operate  this 
punch.  Tools  are  made  in  sizes  that  will  punch  holes 
up  to  %  in.  and  in  material  as  thick  as  %  in.  The  tool 
is  operated  by  means  of  a  bar  or  a  hand  wheel.  Hand 
hydraulic  punches  are  used  to  punch  rails  for  bond  holes. 

In  punching  lattice  bars  the  same  operation  cuts  the 
rounded  ends  of  two  adjacent  bars  along  the  strip  and 
punches  the  two  end  holes.     One-half  an  inch  of  the  bar 
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ts  cut  out  between  the  founded  ends.  (American  Bridge 
Co/s  Standard).  For  bars  1%  to  1%  in.  (%  in.  rivets) 
the  distance  from  center  of  hole  to  end  of  bar  is  15-16 
In.;  for  bars  1%  to  2  in.  (%-in.  rivets),  that  distance  is 
1  3-16  in.;  for  bars  2  to  2%  in.  (%-in.  rivets),  it  is  1  5-16 
in.;  for  bars  2%  to  2%  in.  (%  in.  rivets),  it  is  1  9-16  in. 

Reamlns^what  Is  commonly  understood  as  reamiagr 
Is  the  enlarging  of  holes  that  are  punched  small  so  as 
to  cut  away  the  metal  which  immediately  surrounds  the 
hole  and  which  is  more  or  less  injured  by  the  punching. 
The  purpose  of  reaming  is  further  to  make  the  holes  par- 
allel and  smooth  for  better  rivet  driving.  When  work 
is  not  required  to  be  reamed,  the  holes  are  punched  1-16 
in.  larger  than  the  cold  rivet,  but  when  reaming  is  re- 
quired, the  holes  are  punched  from  1-16  in.  to  3-16  in. 
smaller  in  diameter  than  the  rivet  and  reamed  out  to 
1-32  in.  or  1-16  in.  larger  than  the  rivet.  This  is  called 
sub-punching.  The  reaming  may  be  done  with  a  tapered 
reamer  or  a  twist  drill.  There  are  advantages  in  each 
of  these  tools  that  the  other  does  not  possess.  The  tapered 
reamer  will  find  the  average  position  of  several  holes  in 
an  assembled  member,  whereas  the  twist  drill  will  follow 
the  outside  hole,  which  may  be  poorly  located  and  result 
in  a  bad  hole.  Of  course,  if  the  holes  are  very  badly 
located  the  tapered  reamer  may  lean  and  thus  give  a 
bad  hole.  The  twist  drill  does  not  force  the  metal  as 
the  tapered  reamer  may  when  improperly  used.  Some- 
times in  punched  work  air  reamers  are  passed  through 
the  holes  instead  of  driving  drift  pins  through  them.  This 
does  not  constitute  reaming  in  the  sense  intended  by 
any  specification  calling  for  reaming,  as  manufacturers 
sometimes  claim.  In  all  reaming  care  should  be  taken 
to  have  the  pieces  firmly  bolted  together  so  as  not  to 
allow  the  burrs  to  work  in  between  the  plates.  Burrs 
left  on  the  outside  should  be  removed. 

It  is  sometimes  required  that  field  connections  be 
reamed  to  an  iron  template  or  a  grig.  For  this  a  tem- 
plate of  cast  iron  or  steel  is  used  with  the  holes  drilled 
In  the  proper  positions.  This  is  bolted  to  the  part  to  be 
reamed.  In  order  not  to  wear  away  the  holes  in  the 
template  they  are  drilled  large  and  a  bushing  is  dropped 
in  before  the  reamer  is  inserted.  The  turning  of  this 
bushing  prevents  it  from  being  cut  by  the  reamer.  Some 
shops  have  used  successfully  oak  templates  or  gigs,  in- 
serting shouldered  washers  or  bushings  in  tight  fitting 
holes,  with  the  shoulders  inside  to  prevent  the  washers 
from   dropping  out. 

Hand  reaming  is  done  by  means  of  a  tool  with  a  square 
end  to  which  a  wrench  is  applied,  or  a  ratchet  reamer 
or  drill  may  be  used. 

Covnterflinkinf; — The  slope  of  the  cut  in  a  countersunk 
hole  should  be  30  degrees  with  the  axis  of  the  rivet. 
When  punching  leaves  burrs  or  fins  around  the  edge  of 
a  hole,  these  should  be  removed  by  means  of  a  counter- 
sinking tool.  This  may  be  used  in  a  brace  by  hand.  Some- 
times it  is  required  to  fillet  the  edges  of  holes  about 
one-sixteenth  of  an  inch  under  the  rivet  heads.  This 
should  not  be  done  on  the  sides  of  pieces  coming  to- 
gether; as  it  not  only  adds  to  the  difficulty  of  filling  the 
hole  with  a  rivet,  but  also  makes  it  very  difficult  to  re- 
move a  loose  rivet  without  excessive  hammering  and 
injury  to  the  material. 

Drift Inir— Drifting  is  done  by  means  of  a  barrel  shaped 
pin.     By  driving  this  pin  through  the  hole  in  assembling 
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the  various  punched  pieces  the  holes.  If  correctly  punched, 
will  be  brought  opposite.  The  driving  should  not  be 
heavy  enough  to  crowd  or  injure  the  material,  but  sim- 
ply to  shift  the  parts.  If  heavy  hammering  is  found 
necessary,  reamers  should   be   used. 

The  drift  test  for  structural  material  is  a  test  to 
determine  the  ductility.  A  13-16  in.  hole  punched  1% 
in.  from  the  edge  of  plate  should  stand  being  enlarged, 
by  driving  a  drift  pin  through  it.  to  about  1  6-16  in. 
without  snowing  any  sign  of  cracks. 

Rtvetlng^-This  is  one  of  the  most  important  opera- 
tions in  the  shop  or  field.  A  shop  not  equipped  for  driv- 
ing good  rivets  should  not  undertake  to  do  structural 
work.  The  first  requisite  is  a  properly  heated  rivet.  A 
good  furnace  for  heating  rivets  has  burning  coke  in  one 
compartment  and  the  rivets  in  another  through  which 
the  blaze  of  the  coke  passes.  A  blast  of  air  keeps  the 
required  temperature  when  rivets  are  being  heated.  Riv- 
ets should  be  uniformly  heated  to  a  bright  orange  color, 
head  and  all.  If  the  shank  only  is  heated  and  the  head 
black  or  dark  red,  it  Is  impossible  to  fill  the  hole  in  driv- 
ing, as  the  point  of  the  rivet  will  be  stoved  up  first  and 
will  be  too  soft  to  communicate  the  blow  to  the  part 
of  the  shank  near  the  head.  The  rivet  may  appear  to 
be  tight  when  tested  with  a  small  hammer,  being  held 
by  friction  due  to  contraction  on  cooling;  but  if  a  heavy 
hammer  be  used  on  the  head  of  the  original  rivet,  it  will 
be  found  to  be  loose.  Rivets  may  be  heated  too  hot.  If 
in  the  granular  or  pasty  state,  and  driven  while  in  that 
state,  they  may  be  worthless.  The  heads  of  rivets  some- 
times fall  off  after  being  heavily  driven,  on  account  of 
being  too  hot  when  hammered.  It  is  probably  this  fea- 
ture of  steel  rivets  that  is  responsible  for  the  requirement 
in  some  specifications  that  wrought  iron  rivets  be  used 
for  all  field  work.  It  is  more  difCicult  to  get  a  uniform 
heat  in  a  hand  forge  than  in  a  furnace.  An  experienced 
heater,  however,  can  turn  out  rivets  at  the  proper  heat  in 
a  hand  forge.  Many  riveting  gangs  are  content  to  drive 
rivets  in  the  easiest  way,  namely  by  heating  the  points 
quite  hot  and  having  the  head  comparatively  cold.  V^hen 
the  end  of  a  rivet  sends  out  sparks,  it  is  too  hot  to  drive. 

In  riveting,  a  liberal  number  of  bolts  should  be  used, 
especially  in  hand  driven  work,  so  as  to  hold  the  pieces 
together  beside   the  rivet  until  it  cools  sufficiently.     In 

Sower  riveting  pressure  is  applied  to  the  rivet  by  a 
ydraulic  or  steam  machine,  which  upsets  the  rivet  and 
forms  the  head.  This  pressure  should  be  great  enough 
to  hold  the  plates  together  and  overcome  any  springing 
tendency.  It  should  be  applied  until  the  rivet  is  nearly 
black,  not  simply  applied  and  removed  directly.  Air  ham- 
mers, or  guns  as  they  are  called,  are  now  commonly  used 
in  driving  rivets,  both  in  the  shop  and  in  the  field.  The 
rivets  driven  therewith  are  better  than  those  driven  by 
hand  with  sledges.  Air  hammers  are  liable  to  be  too 
small,  especially  if  the  material  is  thick;  the  light  rapid 
blows  may  form  the  head  without  thoroughly  upsetting 
the  shank  of  the  rivet.  The  original  head  should  be 
tested. 

Rivets  are  sometimes  manufactured  with  a  small  fillet 
under  the  head.  The  purpose  of  this  is  to  aid  in  filling 
up  the  hole  near  the  head.  Heads  raised  somewhat  be- 
yond the  hemispherical  shape  in  the  middle  and  driven 
with  a  hemispherical  set  or  die  are  also  made  with  the 
Mkme  purpose  in  view. 

18 


When  &  Hvet  Is  to  bd  eountersunk  and  chipped,  the 
chlppiniT  may  be  done  Immediately  after  the  rivet  is 
driven  and  while  it  is  red  hot.  by  use  of  a  chisel  with  a 
hammer  handle  and  heavy  blows  from  the  riveter's  sledse. 
The  rivet  Is  then  hammered  down  flush.  Sometimes  the 
chlppiniT  l8  done  with  a  small  chisel  or  an  air  chisel  after 
the  rivet  Is  cold. 

A  iTOOd  heavy  tool  should  be  used  for  "bucking:  up" 
against  a  rivet.  The  inspector  should  see  to  it  that  these 
tools  are  heavy  enough  and  a  sufficient  variety  is  on 
hand  to  suit  the  various  conditions. 

In  removing  rivets  a  "backing  out"  punch  or  a  ham- 
mer with  a  chisel  edsre  (a  snapper)  is  placed  asrainst 
the  side  of  the  head  and  the  head  knocked  off  by  blows 
from  a  sledg^e.  Then  the  rivet  is  backed  out  with  the 
punch.  Where  extra  care  Is  necessary  to  avoid  injuring^ 
the  metal,  a  hole  is  drilled  into  the  head  before  it  is 
knocked    off. 

In  driving:  very  long:  rivets  sometimes  the  point  of  the 
rivet  Is  cooled  off  a  little  by  dipping:  in  water  Just  before 
driving:,  in  order  to  cause  the  shank  to  upset  better. 

Rivets  %  in.  In  diameter  can  be  driven  in  metal  ag:flrre- 
sating:  about  6  In.  In  thickness.  This  is  about  the  limit 
for  g:ood  rivets,  and  requires  much  care  in  driving:  as 
well  as  g:ood  power  and  tools.  A  maximum  srip  of  five 
times  the  diameter  of  the  rivet  is  a  g:ood  limit  to  ad- 
here to.  Some  1%  in.  rivets  6  in.  long:  were  successfully 
driven  in  ship  work  by  the  use  of  two  pneumatic  ham- 
mers worked  simultaneously.  It  was  found  that  the 
stroke  of  the  hammers  did  not  need  to  be  timed  together. 

ChlpptBg — Chipping  is  done  on  ingots  to  ease  off  cavi- 
ties so  that  the  rolling  will  not  produce  folds;  it  is  done 
on  castings  to  cut  ofi  fins  and  irregularities;  it  is  done 
to  remove  fins  caused  by  shearing,  sawing,  punching, 
etc.;  It  is  done  to  remove  projecting  girder  webs;  and  in 
other  trimming  operations.  The  best  tools  for  chipping 
are  those  operated  by  air. 

Plaaing^-There  are  several  styles  of  planers.  In  the 
larger  ones  the  cutting  tool  moves  horizontally,  or  else 
the  piece  to  be  planed  is  moved  horizontally  past  the 
tooL  A  base  plate  or  other  large  piece  to  be  planed  is 
bolted  to  a  table  which  moves  back  and  forth.  The  cut- 
ting tool  is  automatically  moved  along  after  each  cut. 
Usually  after  one  cut  is  made  a  finishing  cut  is  required. 
The  second  cut  is  made  with  a  broad  tool  which  gives  a 
smooth  finish  to  the  metal.  In  cast  iron  and  in  cast  steel 
not  annealed  it  is  very  difficult  to  make  a  thin  cut,  as 
the  outside  skin  of  the  metal  is  very  hard.  If  the  cut 
extends  below  this  skin,  no  difficulty  Is  found. 

A  rotary  planer  has  tools  set  in  the  face  of  a  fiat  cir- 
cular disc.  This  disc  revolves  and  is  moved  horizontally 
as  the  metal  is  cut  away.  It  is  used  to  plane  off  the 
ends  of  members  such  as  columns,  chord  sections,  beams 
or  girders  that  are  to  have  planed  ends,  etc.  It  is  not 
necessary  to  go  over  the  surface  more  than  once,  as  the 
tools  are  placed  so  as  to  follow  each  other  and  give  the 
finish  as  the  planing  proceeds.    Bundles  of  angles  or  other 

gleces  that  are  to  be  milled  or  faced  on  the  ends  may 
e    planed    on    this    machine.      Stiff eners   for   g:irders   or 
for  brackets  would  be  in  this  class. 

A  plate  6  in.  by  1  in.  about  20  ft.  long  was  required 
to  have  the  upper  surface  on  a  curve  of  12  in.  radius. 
This  was  done  on  a  planer  by  marking  the  curve  on  the 
end   and  inclining  the  tool  po  as  to  be  radial  with  the 
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curvd. 

A  special  planer  is  required  for  planing:  ott  the  edges 
of  longr  sheared  plates.  The  tool  oscillates  at  the  ends 
of  the  stroke  so  as  to  cut  both  ways. 

When  short  pieces  of  odd  sized  ang^les  are  required, 
they  are  made  from  some  standard  size  by  planing:  off 
part  of  the  flangre. 

When  a  cover  angle  is  used  for  a  splice,  that  is,  an- 
other angle  placed  inside  the  angle  to  be  spliced,  it  is 
necessary  to  round  off  the  heel  of  the  cover  angle  so  as  to 
fit  the  fillet  of  the  -  other.  This  may  be  done  on  a 
planer  or  it  may  be  done  with  a  cold  chisel. 
The  filleting  of  angles  in  such  cases  is,  however,  best 
done  by  means  of  a  special  tool  in  a  shaper  (  a  machine 
for  cutting  slots,   grooves,   etc.). 

Sawing — Rounds  and  rails  are  cut  with  the  "hot  saw" 
as  they  leave  the  rolls.  Other  sections  are  often  cut  in 
the  same  way.  A  hot  saw  is  a  saw  having  teeth  which 
are  set  like  the  teeth  of  a  cross  cut  saw  for  wood  (Some- 
times they  are  only  swedged  on  the  points).  It  revolves 
very  rapidly  and  cuts  or  melts  the  steel  by  the  heat  de- 
veloped. Red  hot  metal  is  cut  by  it.  A  few  seconds  only 
are  required  to  cut  through  a  small  section.  The  ends 
of  the  piece  are  left  with  heavy  fins  of  the  metal.  The 
cut  is  rather  rough.  A  cold  saw  is  made  of  a  circular 
disc  of  steel;  many  of  them  have  no  teeth  of  any  sort, 
but  are  roughened  a  little  by  means  of  a  coTd  chisel.  The 
rapid  revolution  and  the  heat  generated  thereby  cause 
the  saw  to  melt  its  way  through  the  steel.  Some  cold 
saws  have  teeth  like  those  of  a  hot  saw.  Fins  are  left 
on  the  ends  of  pieces  cut  with  a  cold  saw  also.  These 
lins   are -cut   ott  with   a  cold  chisel. 

Another  form  of  saw  is  a  circular  saw  having  teeth 
like  the  cutting  edge  of  a  chisel  and  a  little  wider  than 
the  thickness  of  the  saw.  This  saw  revolves  slowly  and 
cuts  away  a  short  prism  of  the  metal.  Water  is  kept 
fed  on  the  part  being  cut.  In  the  case  of  the  cold  and 
hot  saws  aoove  mentioned,  the  water  is  used  on  the 
saw.  The  cut  made  by  this  saw  is  smoother  than  the 
others.  It  is  used  to  saw  rounds  for  pins,  to  cut  out  test 
pieces,  etc. 

A  hand  saw  or  hack  saw  is  a  narrow  band  from  % 
in.  up  in  width  and  8  in.  or  more  in  length.  This  is  held 
in  a  frame.  A  small  saw  can  be  operated  by  one  man 
and  hard  steel  can  be  cut.  Larger  ones  may  be  operated 
by  two  men  and  are  used  In  places  where  the  cut  is  long, 
as  in  diagonal  cuts  in  rails  or  beams. 

The  oxy-acetylene  flame  and  a  jet  of  oxygen  are 
now  very  commonly  used  where  formerly  a  saw  was 
employed  in  cutting  apart  steel  work  in  wrecking.  The 
flame  heats  the  steel  to  a  point  where  it  readily  unites 
with  the  oxygen  and  burns.  Pieces  can  be  cut  by  this 
method  leaving  a  narrow  kerf  resembling  a  saw  cut. 

Boring^-ThTs  is  the  term  applied  to  the  cutting  of 
larger  holes.  For  pin  holes  in  built  members  the  hole  is- 
first  punched  out  rough  so  as  to  admit  the  shaft  of  the 
boring  machine.  The  shaft  has  a  slot  in  which  a  tool 
Ithe  length  of  the  diameter  of  the  pin  is  secured  by  wedges 
The  edges  of  this  tool  cut  away  the  metal  as  the  shaft 
revolves.  For  eye-bars  in  cases  where  the  hole  must  be 
bored  out  of  the  solid,  a  small  hole  is  first  drilled,  and 
this  hole  is  used  as  a  guide  for  a  boring  tool  which  plows 
a  channel  in  the  metal,  leaving  a  core  surrounding  the 
drilled  hole. 
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Wherever  possible,  all  ptn  plates  should  be  completely 
riveted  on  before  the  hole  is  bored.  In  detailiner  rivets 
should  be  placed  near  enouerh  to  the  pin  to  hold  the  plates 
toerether  so  that  the  burrs  will  not  work  in  between  them. 
Burrs  on  the  edere  of  the  bored  hole  should  be  filed  off. 
Details  requiring:  pin  plates  to  be  left  off  or  only  bolted 
on  until  after  the  borinsr  of  the  hole  (as  where  Jaw  plates 
must  be  removed  for  planing:  ends)  should  be  avoided. 
It  is  very  difficult  to  place  the  plates  in  the  correct  posi- 
tion again.  If  a  pin  can  be  inserted  in  the  hole,  the 
difficulty  is  lessened. 

The  two  holes  in  the  ends  of  eye-bars  are  usually 
bored  at  once;  All  bars  of  the  same  leng^th  should  be- 
bored  with  one  setting  of  the  borine  machine  and  as 
near   the  same  temperature  as  possible. 

Iioop  rods-  are  shaped  oyer  a  mandrel.  The  semi-in- 
trados  of  the  hole  should  always  be  reamed  or  bored 
for  a  good  bearing  on  the  pin.  Pin  holes  should  be  bored 
and  fiever  punched. 

Drtiiing-— Holes  in  plates  too  thick  to  be  punched  or 
holes  in  castings  that  are  to  be  exactly  located  must  be 
drilled.  Holes  in  rails  for  splice  or  copper  bonds  are 
drilled.  A  drill  must  start  nearly  perpendicular  to  the 
surface  of  the  metal.  If  it  is  necessary  to  drill  a  hole 
into  metal  oblique  to  the  surface,  it  may  be  started  by 
chipping,  or  a  beveled  piece  may  be  bolted  or  clamped 
on  and  the  hole  started  in  it. 

Hand  drilling  is  done  by  use  of  a  ratchet  and  drill 
and  some  means  of  securing  a  "purchase"  against  the 
metal  to  be  drilled.  The  Z  shaped  piece  of  iron,  which 
is  usually  bolted  to  some  neighboring  rivet  hole,  is  called 
the  "old  man." 

Tapping— This  is  cutting  threads  on  the  inside  of  a 
hole.  Sometimes  it  is  necessary  to  make  a  connection 
to  metal  work  where  it  is  impossible  to  put  a  nut  on 
the  end  of  the  bolt.  Tapped  holes  and  threaded  bolts 
can  be  used  in  such  locations.  Special  taps  are  made  that 
will  cut  thread  almost  to  the  bottom  of  drilled  hole. 

Tarnlng— The  lathe  is  used  for  turning  pins  and  roll- 
ers for  expansion  seati^  and  for  draw  bridges.  It  is  also 
used'  for  cutting  thread  on  pins  and  on  large  bars. 

Turned  bolts  for  structural  work  are  made  from 
forged  bolts  having  a  diameter  about  one-thirty-seconc} 
of  an  inch  larger  than  the  diameter  of  the  turned  bolt. 
The  bolt  is  forced  into  a  chuck  having  a  cutting  tool 
and  two  guides  which  s^ave  it  down  to  the  required 
diameter.  Machine  bolts  are  turned  down  from  hexa- 
gonal and  square  rods  the  dimensions  of  the  heads. 

Dies  are  used  to  cut  threads  on  bolts  and  smaller  rods. 

A  special  machine  is  made  for  cutting  out  dies  such 
as  those  used  in  forging  eye-bar  heads.  A  smooth  disc 
moves  over  a  pattern  while  one  or  more  cutting  wheels 
on  the  same  shaft  work  on  castings  to  give  them  the 
same  shape  as  the  pattern. 

ScarilBg^-This  is  drawing  out  the  end  of  a  rod  or 
the  edge  of  a  plate  by  hammering.  In  making  a  welded 
loop  the  end  of  a  bar  is  scarfed  before  being  welded. 
In  boiler  or  tank  work  the  corner  of  a  plate  is  heated 
and  scarfed  to  admit  of  calking  the  overlying  plate. 
The  hammer  test  on  steel  to  determine  its  ductility 
consists  of  flattening  out  the  metal  under  the  hammer 
to  one-half  or  one-third  of  its  original  thickness.  High 
phosphorus  will  cause  steel  to  crack  under  the  cold 
hammer  test;  high  sulphur  will  cause  it  to  crack  when 
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hammered  hot. 

GrlBdlBs — GrindinflT  la  done  by  means  of  an  emery 
or  carborundum  wheel.  Ends  of  stlfCeners  are  some- 
times ground  Instead  of  planed  for  a  bearingr  fit.  Heels  ■ 
of  angrles  may  be  ground  for  rounding  off  after  chipping. 
The  skin  of  cast  Iron  that  will  turn  the  edge  of  a  chisel 
or  planing  tool  can  be  ground  away. 

BraaiBg — This    Is    the    process     of     Joining    different 

gieces  of  metal  by  a  hard  solder  or  spelter  which  is  a 
rass  compound.  Steel  can  be  brazed  and  the  Joint 
made  very  strong.  The  pieces  must  be  heated  red  hot 
and  brought  into  contact  and  the  spelter  worked  into 
the  crevice.  Borax  is  needed  for  a  flux.  The  following 
is  a  record  of  some  tests  that  were  made  on  two  9  in. 
by  M  In.  plates  that  were  brazed  together.  The  plates 
were  scarfed  and  lapped  for  one  inch.  Small  rivets 
were  driven  near  the  ends  of  the  Joint,  and  these  were 
In  the  middle  of  tests  1  and  2.  No  particular  care  was 
taken  to  clean  the  surface  of  the  plates.  They  were  not 
filed  but  simply  hammered.  The  steel  remained  adher- 
ing at  brazed  surfaces  except  on  the  half  of  one  test, 
where  the  brazing  failed.    All  tests  failed  at  the  brazed 

Joint,  however, 
fo.  Elastic  Limit     Ultimate  Strength.     Elongation 

in  8  In. 
per  cent. 
1  8S770  SOOOO  15.0 

%  87900  48970  9.6 

8  86570  87120  2.5 

4  86020  60700  10.2 

Galvanlslkg — This  consists  in  coating  the  surface  of 
steel  or  iron  with  zinc.  A  bath  of  melted  zinc  (also 
called  spelter;  it  is  not  pure  zinc)  and  a  bath  of  acid 
are  necessary.  The  metal  is  dipped  in  the  acid  to 
"pickle"  it,  that  is  to  remove  the  scale  and  clean  the 
surface.  It  Is  then  washed  in  clean  water  and  dipped, 
without  being  heated,  in  the  metal  bath.  This  is  the 
common  process  for  thin  metal.  Large  pieces  of  thick 
metal  require  some  heating  to  prevent  the  zinc  from 
cooling  on  the  surface  in  thick  layers.  Castings  aa 
well  as  sheets  and  rolled  steel  may  be  galvanized. 

There  is  a  process  called  sherardizing  which  has 
the  same  purpose  as  galvanizing.  In  this  process  pieces 
are  heated  In  a  revolving  drum  or  retort  with  pulver- 
ized zinc. 

Twisting — Square  steel  rods  are  sometimes  twisted 
to  increase  their  holding  power  in  concrete.  This  tw^ist- 
ing  when  done  on  the  hot  bar  does  not  affect  the  tensile 
strength  and  elastic  limit  of  the  steel.  When  twisted 
rods  are  made  of  hard  steel,  such  as  that  of  old  rails, 
the  twisting  is  done  on  the  hot  rod,  as  it  would  be  de- 
structive on  the  cold  rod.  If  soft  steel  be  used  the 
twisting  can  be  done  on  the  cold  rod.  The  effect  of 
this  twisting,  if  not  carried  too  far.  Is  to  raise  the 
elastic  limit  and  the  ultimate  strength.  One  complete 
turn  of  the  bar  is  usually  made  in  a  length  six  to  eight 
times  the  diameter  of  the  bar. 
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CHAPTER  n. 
The  Preservation  of  Iron  and  Steel. 

The  preservation  of  Iron  and  steel  is  naturally  a 
matter  that  ensagres  the  thouerht  and  attention  of  all 
who  design  and  who  furnish  the  means  for  buildins 
anything:  of  these  metals.  But  little  iron  or  steel  has 
come  down  to  us  from  antiquity,  though  doubtless  much 
of  it  was  made  in  early  times.  If  the  structures  which 
we  build  are  to  be  but  short  lived,  several  questions  of 
importance  arise  for  settlement.  In  the  first  place,  does 
It  pay  to  put  up  a  temporary  structure  and  to  spend  so 
much  on  its  erection,  if  it  is  to  be  only  temporary? 
Would  not  something  more  enduring  be  more  economical? 
Under  different  circumstances  of  course  this  question 
would  have  different  solutions.  No  doubt  there  are  many 
places  where  a  stone  arch  or  a  concrete  arch  would  be 
better  than  a  steel  bridge  or  girder  the  difference  in 
first  cost  not  being  enough  to  Justify  using  the  steel 
bridge  with  its  greater  expense  of  maintenance.  In  other 
places  the  steel  bridge  would  be  the  only  possible  so- 
lution. The  question  of  selection  seems  to  be  decided 
for  long  span  bridges  and  for  high  buildings.  The  prac- 
tical limit  of  buildings  of  brick  or  stone  is  eight  or  nine 
stories.  Any  greater  height  requires  walls  so  thick  in 
the  first  story  that  they  take  up  too  much  valuable 
space.  Again,  as  to  first  cost,  there  is  often  greater 
economy  In  a  structure  to  serve  but  a  few  years  than 
in  a  permanent  and  more  expensive  one.  The  run  that 
now  requires  a  bridge  may  have  its  course  changed,  or 
its  office  filled  by  a  sewer  system,  in  later  years,  and 
the  bridge  may  be  replaced  by  a  fill.  What  appears  now 
to  be  the  best  place  for  a  highway  may  later  be  aban- 
doned for  another  location. 

Many  steel  bridges  that  were  designed  twenty  years 
ago  for  the  heaviest  railroad  traffic  then  known  are 
entirely  inadequate  for  the  heavier  loads  now  common. 
Bridges  that  now  carry  with  safety  the  trolley  cars  in 
use  may  in  later  years  have  to  be  removed  and  replaced 
by  others  capable  of  carrying  heavier  loads.  Then,  too. 
a  steel  or  iron  bridge  is  worth  a  respectable  fraction  of 
its  cost  as  scrap,  or  it  could  readily  be  removed  to  an- 
other location.  These  facts  are  in  favor  of  steel  for 
temporary  structures. 

A  more  serious  question  is  that  of  the  safety  of  a 
structure  which  is  partially  rusted,  either  in  its  main 
members  or  in  its  connections.  How  long  it  takes  to 
rust  a  riveted  connection  to  such  a  point  that  it  is  no 
longer  safe,  or  how  to  determine  when  the  safe  limit 
has  been  passed,  may  be  questions  for  engineers  of  the 
future  to  decide.  In  the  case  of  open  work,  such  as 
bridges,  it  is  not  difficult  to  determine  the  condition  of 
the  connections;  but  in  such  work  as  office  buildings  the 
difficulties  in  the  way  of  making  an  examination  are 
well  known.  If  the  skyscraper  is  not  supplanted  by  some- 
thing that  will  swallow  it  up  as  it  has  swallowed  up 
smaller  buildings,  means  may  have  to  be  devised  to 
ascertain  when  steel  frame  work  ceases  to  be  safe  and 
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besrins  to  need  repairlnsr  or  replaclngr. 

In  spite  of  all  that  Is  said  concerninsr  the  temporary 
character  of  steel  and  iron  structures,  it  is  seldom  that 
one  is  removed  or  falls  on  account  of  beiner  too  badly 
rusted  to  support  its  load;  unless  the  metal  be  subjected 
to  unusual  conditions  conducive  to  the  formation  of 
rust. 

One  of  the  best  protections  asrainst  the  formation  of 
rust  is  a  dry  atmosphere.  The  oxygen  and  C02  of  the 
air  do  not  seem  to  nave  the  power  of  union  with  iron 
at  ordinary  temperatures  except  when  they  are  in  solu- 
tion in  water.  If  steel  can  be  kept  quite  dry.  it  will  re- 
main free  from  rust.  The  next  best  thingr  for  exposed 
steel  work  is  to  desigrn  it  so  that  after  being-  wet  it  will 
quickly  dry  out.    Closed  or  partially  closed  sections  ex- 

gosed  to  the  weather,  or  receptacles  for  water  should 
e  avoided.  Trough  sections  with  the  troughs  open  up- 
wards are  bad,  because  the  troughs  hold  dirt  and  water, 
and  rusting  is  promoted.  Covered  top  chord  and  end 
post  sections,  wnile  they  do  not  hold  water  at  lesist 
hold  moist  air  and  would  dry  out  more  rapidly  if  they 
were  latticed  top  and  bottom.  They  would  also  be  more 
easily  painted.  While  it  is  almost  a  universal  practice 
to  use  the  cover  plate  on  top  chords  and  end  posts,  it  is 
not  a  specially  commendable  one.  By  all  principles  of 
good  engineering  the  pins  of  such  members  should  be 
in  the  center  of  gravity  of  the  section,  but  very  often 
these  principles  are  violated  for  convenience  in  shop  and 
drafting  room,  and  the  pin  is  placed  in  the  center  line 
of  the  channel.  Symmetrical  channel  sections,  with  dou- 
ble lacing  top  and  bottom,  would  generally  make  better 
members.  One  of  the  principal  advantages  of  the  sym- 
metrical channel  section  (of  rolled  or  built  channels)  is 
the  facility  with  which  the  stress  can  be  transferred 
from  the  pin  into  the  full  section  of  the  member,  as  a 
large  portion  of  it  does  not  have  to  be  carried  Into  a 
cover  plate  far  removed  from  the  pin.  The  top  plates 
on  deck  railroad  bridges,  where  ties  rest,  further  serve 
the  deleterious  purpose  of  gathering  dirt,  and  the  broad 
surface  of  the  tie  in  contact  facilitates  the  formation 
of  rust  by  the  moisture  gathered.  The  author  recently 
examined  some  bridges  about  twenty  years  old.  They 
had  latticed  built  channel  sections  iii  the  top  chord, 
and  the  condition  of  the  pin  details  at  shoes  and  upper 
chord  points,  as  well  as  the  entire  truss,  was  found  to 
be  practically  as  good  as  new.  Some  other  bridges  of 
about  the  same  age,  of  the  deck  type,  with  cover  plates 
on  the  top  chord,  were  badly  rusted  where  ties  had 
rested.  The  bottom  chord,  being  of  similar  section,  with 
the  plate  underneath,  had  gathered  dirt  all  the  years 
and  was  perceptibly  weakened  by  a  thick  coat  of  rust 
and  scale. 

Another  source  of  deterioration  that  could  be  avoided 
in  the  design  is  the  rusting  of  the  webs  of  plate  girders 
where  thick  wooden  floors  come  in  contact  with  the 
web.  It  would  be  better  to  stop  the  floor  short  of  the 
girder,  using  a  shelf  angle  supported  out  on  brackets, 
or  a  stringer  set  out  from  the  girder,  thus  allowiner  cir- 
culation of  air  between  the  girder  and  the  floor.  This 
would  apply  to  other  than  wooden  floors;  concrete,  for  ex- 
ample, will  not  adhere  closely  to  the  side  of  a  erirder 
through  the  jarring  and  deflection  of  the  floor.  Asphal- 
tum  would  be  but  little  better.  Stone  or  wooden  blocks 
would  have  the  same   objection.     The  use  of  ballast   di- 
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rectly  on  steel  trougrh  doors  is  without  Justification  in 
the  light  of  experience.  No  paint  will  preserve  the  steel 
under  such  conditions.  Two  or  three  inches  of  concrete 
over  the  steel  or  about  1^  inches  of  asphaltic  mastic 
are  now  generally  used.  In  connection  with  these,  water- 
proofing' with  several  layers  of  tarred  felt  or  burlap  and 
thorough  drainage  complete  the  protection  of  the  steel. 
Sometimes  ballast  is  placed  on  a  treated  timber  deck 
supported  by  steel  beams. 

A  good  requirement  in  truss  or  girder  spans  would 
be  that  the  fioor  be  kept  clear  of  the  trusses  to  allow 
free  circulation  of  air. 

Trolley  posts  and  other  posts  of  cast  iron  or  steel 
placed  in  the  ground  are  subject  to  the  worst  deteriora- 
tion at  the  ground  level,  Just  where  the  greatest  strength 
is  needed,  if  these  posts  are  embedded  in  concrete  and 
the  concrete  is  banked  up  around  them  to  turn  the  water, 
they  will  be  less  liable  to  this  deterioration. 

Steel  parts  brought  nearly  in  contact  but  not  held 
firmly  together,  or  if  riveted  together  and  not  close 
fitting,  are  liable  to  be  badly  rusted,  even  if  painted. 
Bye-bars  in  the  same  member,  lying  side  by  side  and 
not  separated  with  washers  on  the  pin,  would  come  In 
this  class.  It  is  better  to  separate  the  bars  by  washers 
on  the  pin  and  thus  lengthen  the  pin,  even  at  the  ex- 
pense of  a  greater  bending  moment.  It  may  be  con- 
tended that  a  washer,  of  say  %  in.  in  thickness,  would 
not  admit  of  painting  with  an  ordinary  brush;  but  it 
admits  of  what  is  more  important,  namely,  circulation 
of  air.  Painting  with  a  special  brush  or  mop  is  possible 
even  in  such  close  spaces.  Spaces  close  enough  to  draw 
in  water  by  capillary  attraction  and  not  close  enough  or 
held  firmly  enough  to  be  filled  with  paint  to  keep  water 
out,  are  damaging  to  the  life  of  steel.  The  ends  of  beams 
which  are  not  planed,  or  which  are  rough,  connecting 
to  a  plate  or  web  of  a  beam  would  also  fall  in  this  class. 
It  is  a  good  requirement  to  have  all  ends  of  beams  or 
girders  attaching  to  the  side  of  girders  planed  for  close 
fit.  It  should  be  accompanied  by  a  requirement  that 
the  end  angles  be  about  one-eighth  inch  thicker  than 
considerations  of  strength  demand  or  than  the  minimum 
allowed  thickness  of  metal,  so  as  to  allow  for  inequal- 
ities. Sometimes  these  angles  are  shaved  down  too  thin 
in   truing  up. 

It  is  usually  required  that  planed  or  turned  surfaces 
be  given  a  coat  of  a  mixture  of  white  lead  and  tallow. 
This  is  a  sort  of  lubricant  for  pins  and  sliding  plates.  It 
should  not  be  made  to  apply  to  surfaces  that  are  planed 
for  a  close  fit.  Such  surfaces  need  a  coat  of  paint  as 
much  as  any  other  surfaces  in  contact.  This  habit  of 
treating  a  finished  surface  as  too  sacred  to  be  touched 
with  anything  but  a  coat  of  grease  is  being  discarded  for 
the  more  rational  practice  of  giving  such  surfaces  a 
coat  of  thin  paint. 

The  rollers  are  almost  invariably  found  badly  rusted 
In  an  old  bridge,  being  only  approximately  round.  This 
la  not  due  to  wear,  as  there  is  scarcely  ever  any  indi- 
cation of  motion  except  in  long  spans.  About  the  only 
remedy  available  is  to  use  large  rollers,  so  that  the 
loss  in  rust  will  not  make  so  great  a  relative  difference 
in  the  diameters.  It  is  hard  to  see  why  a  coat  of  paint 
on  rollers  and  bed  plate  would  not  be  better  than  the 
Inevitable  coat  of  rust  that  appears  after  the  tallow 
lias  been  washed  away. 
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One  way  to  preserve  the  rollers  is  to  make  a  box 
out  of  the  base  plate  and  to  fill  the  same  with  heavy  oil. 

Surfaces  coming  in  contact  and  riveted  togrether  are 
usually  found  in  good  condition  in  work  that  has  stood 
for  some  time  and  is  taken  apart.  To  assure  this  condi- 
tion each  surface  should  be  well  coated  with  paint  before 
assembling:.  The  rivets  should  be  sufficiently  close  and 
heavily  driven,  and  the  material  should  be  straight,  to 
secure  a  good  contact.  There  seems  to  be  little  danger, 
under  ordinary  circumstances,  of  rivets  rusting  away 
in  the  shank  and  becoming  useless.  Rivets  in  old  work 
are   seldom  found  rusted   inside   the   holes. 

The  use  of  simple  details  having  few  parts  and  of 
heavy  metal  are  most  excellent  preventatives  of  loss 
by  rust,  as  the  metal  can  only  rust  on  the  surface,  and 
the  thicker  metal  or  fewer  number  of  parts  will  have 
a  less  proportion  of  surface.  A  minimum  thickness  of 
metal  fixed  at  %  in.  or  5/16  in.  for  all  parts  except  those 
purely  ornamental  or  for  fillers  will  forestall  premature 
weakening   of   the   lighter   parts. 

Steel  work  is  often  required  to  be  placed  In  positions 
peculiarly  trying  to  its  existence.  A  bridge  crossing  a 
Yailroad  track,  where  engines  are  liable  to  stop,  or  where 
shifting  is  done,  will  be  rapidly  destroyed  by  the  sul- 
phur fumes  from  the  locomotive  aided  by  the  blast  of 
cinders  which  wears  away  the  paint.  The  best  pro- 
tective coatings  known  do  not  seem  to  be  proof  against 
sulphur  gases.  A  complete  shielding  of  the  metal  with 
zinc  or  copper  or  galvanized  steel  for  about  ten  feet 
over  the  track  will  protect  the  steel  from  the  locomotive 
smoke.  These  protecting  shields,  however,  are  not  very 
permanent.  The  galvanizing  of  overhead  bracing  in  rail- 
road bridges  is'  sometimes  recommended  though  seldom 
If  ever  done. 

Wooden  ceilings  are  sometimes  used  as  a  shield 
against  the  blast  from  locomotives.  Where  it  is  possi- 
ble in  any  work  over  railroad  tracks,  ventilation  should 
be  resorted  to  to  prevent  the  gases  from  the  locomotive 
from  collecting  in  pockets  or  covered  spaces  and  thus 
allowing  a  longer  time  for  action  on  the  steel. 

Lime  mortar  and  concrete  have  been  found  to  be  ex- 
cellent preservatives  for  iron  and  steel.  The  concrete 
must  not  be  mealy  but  must  be  mixed  with  plenty  of 
water,  so  that  the  steel  will  be  coated  with  a  film  of 
mortar,  and  so  that  the  concrete  will  be  dense.  It  should 
further  be  rich  in  cement  and  not  a  lean  concrete.  It 
is  preferable  to  have  the  steel  free  from  paint.  A  little 
rust  is  not  objectionable.  Rust  does  not  lessen  the  ad- 
hesion of  the  concrete,  and  it  does  help  to  loosen  the 
mill  scale.  Scale  and  paint  lessen  the  adhesion  of  con- 
crete to  steel. 

In  a  steel  frame  building  which  was  torn  down  some 
years  ago,  it  was  found  that  concrete,  including  cinder 
concrete,  had  very  effectually  protected  the  steel  w^ork 
against  rust.  (See  Eng.  Record,  Apr.  18,  1903.)  It  was 
further  found  that  a  patent  plaster  used  in  partitions 
and  ceiling  had  failed  to  preserve  the  steel  which  it 
covered.  Steel  work  surrounded  by  brick,  where  the 
space  against  the  steel  had  not  been  flushed  with  mortar, 
was  found  rusted.  Where  the  cement  mortar  had  been 
in  contact  with  the  steel,  the  latter  was  found  bright. 

If  concrete  In  which  steel  Is  embedded  becomes  cracked 
from  any  cause,  the  steel  Is  liable  to  rust  where  the 
cracks  occur.     It  is  important,  if  any  cracks  are   found 
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that  they  be  Ailed  with  grrout  It  possible. 

The  surrounding  of  the  bases  of  columns  exposed  to 
the  weather  by  a  pyramid  of  concrete  is  worse  than  use- 
less as  a  protection  against  rust,  since  the  concrete 
cracks  and  allows  water  in  against  the  steel,  rusting 
the  covered   parts  more   than  the   exposed   parts. 

It  is  generally  believed  that  closed  sections  for  col- 
umns in  interior  work  are  quite  safe,  and  that  if  any 
corrosion  takes  place  it  will  be  slight.  The  air  confined 
in  a  column,  not  having  its  corroding  propertes  (mois- 
ture and  C02)  renewed  by  diffusion,  would  become  inert. 
In  exposed  work,  however  rain  is  liable  to  find  its  way 
into  the  interior  space  and  to  rust  the  steel. 

Under  normal  conditions  cast  iron  withstands  the 
corrosive  action  of  the  elements  better  than  either 
wrought  iron  or  steel.  Cast  iron  water  pipes,  with  the 
small  amount  of  protective  coating  that  they  usually 
receive,  furnish  an  example  of  this,  where  the  iron  is 
not  subject  to  electrolysis  from  return  street  railway 
currents.  The  report  on  the  dismantled  building  above 
referred  to  stated  that  the  cast  iron  columns  and  beams 
were  well  preserved.  It  is  stated  that  the  cast  iron  base- 
ment columns  were  in  a  state  of  excellent  preservation. 
These  had  been  covered  with  ordinary  lime  mortar  held 
to  the  column  by  galvanized  wire  mesh.  The  effect  of 
sea  water  on  cast  Iron  is  not  to  rust  it;  but,  it  is  said 
that  in  a  long  time  the  sea  water  will  soften  it  through 
and  through,  so  that  it  can  be  cut  with  a  knife.  The 
"skirf"  of  cast  iron  (chilled  surface)  is  a  good  protection 
against  corrosion. 

Ordinary  wrought  iron  is  superior  to  ordinary  steel 
In  the  matter  of  resisting  corrosion.  This  is  sometimes 
denied,  but  the  data  upon  which  the  denial  is  based  are 
generally  tests  on  iron  or  steel  not  of  the  ordinary  qual- 
ity. Usually,  too,  they  are  accelerated  tests,  which  are 
not  a  gage  of  weather,  resisting  qualities.  The  best 
exemplification  of  the  lasting  qualities  of  wrought  iron 
as  compared  with  steel  is  in  old  bridges  built  when 
wrought  iron  was  used  for  all  rolled  parts.  Sometimes 
such  bridges  have  been  reinforced  with  steel  parts.  It 
is  usually  a  very  easy  matter  to  pick  out  the  reinforcing 
steel    parts    by    their    rusted    condition. 

Freedom  from  impurities  or  foreign  elements  renders 
steel  or  iron  more  resistant  to  rusting.  Manganese  ap- 
pears to  make  steel  subject  to  attack  by  rust.  A  new 
grade  of  metal  called  ingot  iron  has  been  found  by  acid 
tests  to  resist  this  sort  of  corrosion  very  effectually. 
It  would  probably  last  better  than  steel  under  atmos- 
pheric conditions.  It  has  been  manufactured  in  plain 
and  galvanized  sheets.  The  metal  is  made  like  steel, 
the  carbon,  however,  being  nearly  all  burned  out.  Other 
foreign  elements  are  reduced  to  very  small  percentages. 
No  manganese  is  added  as  in  the  ordinary  processes  of 
steel   manufacture. 

Charcoal  iron  is  a  highly  refined  grade  of  iron  which 
also   resists    corrosion    very    well. 

Fresh  water  does  not  have  so  destructive  an  effect 
upon  iron  and  steel  as  sea  water,  and  it  is  not  so  dif- 
ficult to  protect  the  surface  against  corrosion.  Fresh 
or  salt  water  in  which  there  is  sewage  is  very  destruc- 
tive. Salt  breezes  from  the  sea  cause  metal  structures 
to  corrode   very   rapidly. 

No  kind  of  protective  coating  is  ordinarily  used  on 
boilers.     The    tendency    of    hot    water,    if    it    is    not    too 
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nearly  pure,  is  to  form  on  the  inside  surface  of  the  boiler 
a  hard  scale  which  protects  the  steel  from  rusting  and 
pitting.  If  pure  water  were  used,  the  boiler  would  not 
last  very  long,  but  would  be  pitted  by  rust.  This  scale 
becomes  in  time  too  thick  for  the  proper  conductivity 
of  heat,  being  a  non-conductor,  and  must  be  removed. 
The  scale  is  a  deposit  from  the  water  and  not  a  product 
of  the  deterioration  of  the  steel. 

Super-heated  steam  causes  steel  to  be  coated  with 
a  magnetic  oxide  which  protects  it  from  oxidizing  fur- 
ther. The  BarfCing  process  of  treating  iron  or  steel 
consists  In  heating  the  metal  to  about  1000  deg.  F.  in  a 
retort  and  then  admitting  super-heated  steam.  The 
process  requires  from  a  few  hours  to  as  high  as  25,  and 
the  film  of  magnetic  oxide  varies  between  a  hundredth 
and  a  tenth  of  an  inch. 

Another  method  of  coating  iron  or  steel  with  this 
magnetic  oxide  is  called  the  Bertrand  process.  The 
metal  is  coated  with  a  thin  film  of  bronze  and  then 
heated  to  1000  deg.  F.  The  film  of  bronze  (disappears 
and  the  magnetic  oxide  forms  on  the  surface. 

A  very  common  and  a  very  effective  method  of  pro- 
tecting steel  or  iron  is  by  galvanizing  or  coating  with 
metal,  largely  zinc.  This  is  resorted  to  to  preserve  thin 
and  small  parts,  such  as  sheet  steel  or  iron  or .  light 
frames  for  wind  mills,  etc.,  also  house  boilers,  small  pur- 
lins, skylight  bars,  connection  lugs,  bolts,  telegraph 
wires,  etc.  Bolts  used  in  wooden  vessels  or  wharves 
should  be  galvanized.  Galvanizing  should  be  done  after 
all  other  work  has  been  finished.  Wire  should  not  be 
bent  or  twisted  or  woven,  sheets  should  not  be  curved 
or  corrugated,  after  being  galvanized.  If  any  riveting 
must  be  done  after  galvanizing,  the  metal  of  the  rivets 
and  around  them  should  be  well  painted.  It  is  true 
that  sheets  are  generally  corrugated  after  being  galvan- 
ized; this  is  why  such  sheets  show  poor  lasting  qualities. 

By  a  process  called  Sherardizing,  iron  or  steel  may 
be  given  a  coat  of  zinc,  similar  to  that  resulting  from 
galvanizing.  The  pieces,  after  being  cleaned,  are  placed 
in  a  closed  cylinder  or  box  with  zinc  dust,  and  the  vessel 
is  caused  to  revolve,  at  the  same  time  being  heated  to 
500  or  600  deg.  F.  This  is  less  than  the  melting  point 
of  zinc.  It  is  said  that  a  similar  process  may  be  used 
to  coat  iron  with  copper,  aluminum,  or  antimony. 

Steel  water  pipes  must  be  well  protected  on  account 
of  the  corroding  action  of  cold  water.  The  usual  method 
is  to  dip  the  pipe  in  hot  asphalt.  The  asphalt  is  kept 
at  about  300  deg.  F.  or  more,  by  coils  of  super-heated 
steam.  The  pipe  to  be  dipped  is  also  heated  to  a  tem- 
perature approaching  that  of  the  bath,  so  that  the  cold 
metal  of  the  pipe  will  not  cause  too  much  of  the  as- 
phalt to  adhere.  The  pipe,  after  dipping  is  drawn  out 
and  allowed  to  drip.  The  asphalt  dries  but  not  with  a 
hard  surface.  The  coating  is  gummy  and  not  liable  to 
break  off  in  handling.  Coal  tar  applied  in  the  same  way 
will  break  off  when  struck  with  a  hammer  and  is  very 
unsatisfactory.  The  heating  of  the  pipe  may  be  done 
in  a  furnace,  or  it  may  be  done  by  inserting  gas  burners 
in  the  ends  and  partially  closing  them  with  plates,  thus 
making  a  furnace  out  of  the  pipe  itself. 

According  to  the  weights  of  some  pipe  60  in.  in  diam- 
eter and  28  ft.  long,  before  and  after  dipping,  it  wa» 
found  that  one  pound  of  asphalt  covered  about  5.75  sq.  ft 
of  metal. 
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Cast  iron  water  pipes  are  dipped  in  coal  pitch  Varnish. 
The  pipe  should  be  first  thorougiily  dressed  and  made 
clean.  The  dirt  or  sand  or  rust  should  be  removed  by 
hard  wire  brushes.  If,  after  cleaning:,  the  pipe  cannot 
be  dipped  before  rustingr  starts,  it  should  be  oiled  with 
linseed  oil.  The  coal  tar  or  pitch  should  be  that  which 
has  been  distilled  until  tlie  naptha  is  entirely  removed 
and  the  material  deodorized.  It  should  be  distilled  until 
it  is  about  the  consistency  of  wax.  Five  or  six  per  cent. 
of  linseed  oil  may  be  added.  Pitch  that  becomes  hard 
and  brittle  when  cold  will  not  answer  for  this  use.  The 
pitch  should  be  kept  at  300  degr.  F.,  and  the  pipes  should 
remain  until  they  attain  the  temperature  of  the  bath. 
Fresh  pitch  must  be  frequently  added,  and  the  bath 
must  occasionally  be  entirely  renewed,  as  the  pitch  be- 
comes hard  and  brittle  from  longr  continued  heating^. 

The  bakingr  of  an  asphalt  enamel  or  Japan  on  largre 
Bteel  pipe  has  been  successfully  done.  The  pipe  is  first 
<lipped  in  the  heated  liquid  and  then  placed  in  an  oven 
where  the  temperature  is  450  to  500  degr.  F.  and  allowed 
to  remain  ^here  for  two  ar  three  hours. 

On  the  Willlamsburgr  Bridgre  in  New  York  City  12-ln. 
channels  on  which  the  pavingr  blocks  were  laid  were 
pickled  and  enameled.  The  process  was  as  follows: 
The  channels  were  first  boiled  in  a  10  per  cent,  solution 
of  caustic  soda  to  take  off  the  grease.  They  were  then 
rinsed  in  boilingr  water.  Afterward  they  were  dipped 
in  a  boilingr  10  per  cent,  solution  of  sulphuric  acid  until 
all  the  oxide  was  removed.  After  being  rinsed  in  boiling 
water  they  were  dipped  in  a  boiling  10  per  cent,  solution 
of  carbonate  of  soda,  to  free  them  from  any  trace  of 
acid.  Finally  they  were  rinsed  in  boiling  water,  dried 
over  steam  pipes  and  then  enameled.  (See  Eng.  Record, 
April  16,  1904.) 

There  are  many  kinds  of  paint  used  on  steel  and  many 
Ways  of  applying  it.  One  way  of  painting  is  to  cover 
the  surface,  scale,  rust,  and  all,  with  something  to  hide 
it.  At  the  other  extreme  is  the  expensive  process  of 
pickling  the  steel  in  dilute  acid  to  remove  the  scale,  or 
usliig  a  sand  blast  for  the  same  purpose,  and  then  apply- 
ing the  paint.  The  latter  method,  under  present  condi- 
tions, can  only  be  thought  of  in  connection  with  work 
of  great  magnitude  or  importance  or  with  special  work. 
Per  the  great  bulk  of  "ordinary"  work  only  ordinary 
treatment  can  be  expected. 

When  steel  is  rolled,  it  is  covered  with  a  "hard  blue 
scale,  which  adheres  firmly  to  the  surface,  resisting  al- 
most anything  but  a  sand  blast  or  the  chemical  action 
of  acids  to  remove  it.  It  is  not  a  preservative  to  the 
steel,  as  rusting  can  go  on  beneath  it.  In  fact  this  mill 
scale  will  promote  rusting  and  pitting  of  the  steel  by 
its  galvanic  action.  The  rusting  will  loosen  the  scale, 
and  sometimes,  if  rusting  has  not  begun,  paint  on  the 
scale  will  prevent  the  formation  of  rust  under  it.  Paint 
that  is  applied  over  scale  already  loose  from  rust  will 
rtot  afford  any  protection  to  the  steel  beneath,  and  the 
scale  will  soon  drop  off,  leaving  the  bare  metal.  If  rust 
has  begun  to  form,  the  surface  should  be  thoroughly 
scraped  with  chisels  or  wire  brushes,  to  remove  all  of 
the  scale  that  it  is  possible  to  remove  by  this  means. 

It  is  very  Important  that  all  rust  be  removed  from  the 
surface  before  painting  is  done.  Rust  acts  with  iron 
to  set  up  galvanic  action  and  induce  the  formation  of 
more   rust.      In    this   way    the   metal    is   pitted   by    rust, 
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or  broad  surfaced  are  rusted  underneath  the  paiiLt  Very 
often  a  thick  scale  of  rust  is  found  under  paint  which 
seems  to  be  firmly  adhering:   to  the  metal. 

Kotary  wire  brushes  operated  by  compressed  air  are 
fiTood  for  removiner  scale  and  rust.  Few  shops  are  at 
present  equipped  with  anything:  but  hand  brushea 

Before  leaving:  the  shop  (where  shop  painting  is  done) 
and  after  all  the  work  has  been  done  on  it,  each  piece 
of  steel  should  be  scraped  to  remove  scale  and  given  a 
thoroug:h  coat  of  good  paint.  It  should  be  well  worked 
into  cracks  and  open  spaces  and  applied  in  a  thick  coat 
on  surfaces  that  will  be  difficult  or  impossible  of  access 
after  erection.  It  is  better  to  give  such  surfaces  two 
coats,  but  the  time  will  not  always  permit  this.  It  is 
better  not  to  apply  two  coats,  if  the  second  must  be  put 
on  before  the  first  is  dry. 

The  erection  and  handling  rubs  off  more  or  less  of  the 
shop  paint,  so  that  in  order  to  have  all  surfaces  covered 
with  two  coats  of  paint,  two  coats  should  be  applied 
after    erection. 

No  painting  of  steel  should  be  done  in  freezing  tem- 
peratures or  on  frosty,  damp,  or  wet  surfaces,  or  over 
a  coat  of  paint  not  thoroughly  dry  and  hard.  The  dif- 
ferent coats  of  paint  should*  be  of  different  colors,  so 
that  the  complete  covering  of  the  surface  will  be  assured. 
It  is  best  to  allow  three  or  four  days  to  elapse  between 
the  successive  coats.  Periodical  painting  is  very  es- 
sential to  the  life  of  exposed  steel  work.  The  frequency 
depends  upon  the  location  and  the  agencies  at  work 
causing  deterioration.  A  little  scraping  of  the  surface 
will  determine  whether  the  paint  is  firmly  adhering  or 
is  ready  to  fall  off.  Sometimes  paint  appears  to  be  cov- 
ering and  protecting  steel  when  it  is  merely  hiding  a 
thick  coat  of  scale  or  rust  under  which  rusting  is  pro- 
gressively going  on. 

Some  specifications  require  that  material  before  leav- 
ing  the  shop  receive  a  coat  of  linseed  oil;  sometimes  raw 
linseed  oil  is  specified  and  sometimes  boiled.  Many  doubt 
the  wisdom  of  this  as  linseed  oil  alone  is  not  a  good  pro- 
tection against  rust.  It  is  porous  when  dried  and  will 
admit  some  water.  There  is  no  doubt,  however,  that  It 
will  protect  the  steel  very  materially  during  shipping 
and  erection.  Being  transparent  it  admits  of  inspection 
of  the  surface  of  the  steel  and  will  not  hide  loose  scale 
as  a  coat  of  paint  would  do.  It  is  claimed  by  authorities 
on  paint  that  linseed  oil  without  a  pigment  will  dry  but 
will  never  harden  and  is  therefore  liable  to  cause  blister- 
ing. It  seems,  however,  quite  reasonable  that  a  coating 
of  pure  linseed  oil,  covered  with  a  good  paint  to  fill 
the  pores  of  the  oil  would  be  an  ideal  protection.  It 
is  also  claimed  that  the  material  of  the  oxide  pigments 
has  a  galvanic  action  on  the  steel.  This  coat  of  oil 
would  serve  to  insulate  the  pigments  from  direct  con- 
tact with  the  metal.  The  objection  to  linseed  oil  as 
a  first  coat  appears  to  be  on  theoretical  grounds.  Few 
records  of  experiments  are  to  be  found  showing  the 
comparative  merits  of  linseed  oil  and  paint  as  priming 
coats. 

The  method  of  protecting  the  wires  of  a  suspension 
bridge  deserves  special  mention.  The  Roebling  method 
is  as  follows:  Each  ring  of  wire  is  dipped  in  boiling 
linseed  oil  and  then  allowed  to  dry.  It  is  then  dipped 
again  and*  allowed  to  dry.  A  third  coat  of  oil  is  added 
by  passing  the  wire  through  an  oil-saturated  sheep  skin, 

30 


as  it  runs  off  the  drums  for  cable  spinning:.  After  a 
number  of  wires  are  united  and  tied  into  a  "strand," 
the  latter  receives  another  thorough  soaking:  of  oil.  The 
wires,  after  being:  made  into  a  cable,  are  wrapped  with 
wire  over  the  whole  length  of  the  cable,  excepting  parts 
which  rest  in  saddles  or  pass  around  shoes.  The  wrap- 
ping wire  is  underlaid  with  a  thick  coat  of  white  lead 
mixed  with  linseed  oil,  and  a  similar  coat  is  applied  to 
the  top  of  the  wrapping.  After  this  the  cables  are 
painted  with  metallic  or  oxide  paint  of  any  desired  color. 
The  paint  is  put  on  thick  enough  to  fill  the  hollows  be- 
tween the  wires  and  give  the  cable  the  appearance  of  a 
solid  cylinder.  The  Brooklyn  Bridge  cables,  in  addition 
to  the  foregoing  treatment  were  galvanized.  (This  in- 
formation is  taken  from  a  paper  by  William  Hilden? 
brand,  in  Eng.  News,  Nov.  13,   1902.) 

The  cables  of  the  new  East  River  Bridge  were 
wrapped  with  strips  of  cotton  duck  instead  of  being 
wrapped  with  wire.  The  duck  was  saturated  with  a 
water  proofing  material.  In  addition  to  this  the  cable 
is   protected   with    a   sheet   iron   covering. 

Paint  consists  of  a  vehicle  and  a  pigment.  The  ve- 
hicle for  the  greater  part  of  the  paint  used  is  linseed 
oil.  The  more  common  pigments  used  in  paint  for  struc- 
tural work  are  lamp  black,  red  lead,  oxide  of  iron,  and 
graphite.  Other  materials  are  used  in  paint  for  thinning 
and  drying.  What  is  called  asphalt*  paint  is  more  of  the 
nature  of  varnish.  One  kind  is  asphalt  dissolved  in 
carbon  disulphide.  (P.  &  B.  paint.)  There  is  also  a  paint 
made  of  asphalt  and  linseed  oil,  and  another  of  asphalt 
and   linseed  oil  varnish. 

The  purpose  of  pigment  is  not  only  to  give  color  to 
the  paint  but  to  fill  up  the  pores  in  the  linseed  oil  and 
form   an   impervious  coating   on   the   metal. 

Linseed  oil  is  the  best  known  vehicle  commercially 
available  for  paint  for  steel  work.  But  commercial  lin- 
seed oil  is  very  often  adulterated  with  cottonseed  oil, 
resin,  resin  oil,  and  other  oils,  and  these  are  difficult 
to  detect.  Even  pure  linseed  oil,  if  made  from  seed  that 
is  not  ripe  (taken  from  plants  raised  for  fibre)  is  unfit 
for  paint  for  steel  work.  It  contains  water  and  is  other- 
wise unsuitable.  The  oil  should  be  made  from  plants 
raised  for  seed  and  from  seed  that  is  ripe.  Again,  lin- 
seed oil,  when  fresh  contains  impurities  which  in  a  few 
months'  time  would  settle.  The  oil  should  be  clear  and 
should  not  be  used  until  it  is  about  three  months  old. 

The  old  method  of  extracting  the  oil  from  flax  seed 
was  by  presses.  A  modern  method,  said  to  be  very 
largely  in  use,  is  to  boil  the  seed  in  benzine.  This  re- 
moves all  of  the  oil  from  the  seed,  whereas  in  the  older 
process  of  pressing  out  the  oil  much  of  it  remained  in 
the  refuse.  It,  however,  leaves  some  of  the  impurities 
of  the  benzine  in  what  ought  to  be  pure  linseed  oil. 

Linseed  oil  may  be  either  boiled  or  raw.  Boiled  oil 
dries  more  rapidly  and  with  a  higher  gloss  than  raw  oil, 
but  it  is  not  as  durable.  Some  engineers  prefer  boiled 
oil  and  some  prefer  raw  oil.  An  advantage  in  specifying 
raw  oil  lies  in  the  fact  that  it  is  apt  to  be  a  purer  article. 
Boiled  oil  is  often  adulterated  by  adding  substances  to 
the  raw  oil  which  give  it  the  appearance  and  some  of 
the  characteristics  of  boiled  oil.  It  is  then  said  to  be 
boiled  "through  the  bung  hole."  There  is  little  differ- 
ence between  raw  and  boiled  oil,  if  both  are  pure,  so 
far  as  their  serviceability  goes  in  the  protection  of  steel. 
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The  slow  dryingr  raw  oil  is  at  a  disadvantasre  wliere  dirt 
and  dust  may  be  embedded  in  the  paint  before  drying 
takes  nlace 

It  Is  stated  by  authorities  that  genuine  kettle  boiled 
oil  is  seldom  or  never  sold,  but  instead  of  boilingr  the 
oil  it  is  eriven  drying:  properties  by  the  addition  of  red  lead, 
or  litharge  or  other  driers  and  sold  for  boiled  oil.  This 
may  be  harmless  or  even  beneficial  for  paint  on  wood 
work}  but  it  is  neither,  when  the  oil  is  to  be  used  on 
iron   or  steel. 

An  origrinal  and  simple  test  for  the  presence  of  im- 

Surities  in  boiled  or  raw  linseed  oil  was  g^iven  by  Mr. 
eorgre  Whlg^elt  at  the  convention  of  the  Ohio  Associa- 
tion of  Master  Painters  and  Decorators,  held  at  Toledo 
in  July,  1902.  To  test  the  oil  shake  up  equal  quantities 
of  linseed  oil  and  lime  water  in  a  bottle.  It  should 
form  an  emulsion  resemblingr  beaten  eggs  in  color.  No 
separation  of  water  will  occur  for  at  least  one  or  two 
days  if  the  oil  is  pure.  If  there  is  any  adulteration 
present  of  any  kind,  a  perfect  emulsion  cannot  be  formed, 
and  the  mixture  will  have  a  curdled  appearance.  The 
water  and  the  impurities  will  separate  from  the  oil  in 
a  very  short  time.  Comparison  should  be  made  with  a 
sample  of  linseed  oil  known  to  be  pure. 

Linseed  oil  paints  dry  by  oxidation  of  the  oil.  To 
hasten  this  dryingr  compounds  containing:  shellac  or  red 
lead  or  litharge  are  sometimes  added.  Solvents  aid  to 
some  extent  In  hastening  the  drying  by  reducing  the 
thickness  of  the  film  of  oil. 

It  seems  to  be  the  prevailing  opinion  that  little  or  no 
driers  or  solvents  should  be  used  in  paint  for  steel. 
Driers  are  oxidizers  or  carriers  of  oxygen  and  will  carry 
some  of  the  oxygen  to  the  steel  with  which  they  are 
In  contact.  Benzine  is  particularly  bad  in  paint,  as  the 
rapid  evaporation  cools  the  metal  and  tends  to  cause 
moisture  to  condense  on  the  surface.  There  is  a  tempta- 
tion for  the  contractor  to .  use  thinners  in  the  paint  to 
make  it  go  farther  and  for  the  workman  to  resort  to 
the  same  to  make  the  paint  work  easier.  If  the  paint 
does  not  work  properly,  it  may  be  the  fault  of  a  poor 
brush  or  of  the  workman  failing  to  fill  the  brush  well 
with  paint.  When  given  proportions  of  ingredients  are 
specified,  they  should  be  adhered  to;  and  when  a  pre- 
pared paint  is  used,  it  should  be  well  stirred  in  the 
barrel,  after  removing  the  head,  but  it  should  not  be  doc- 
tored. Warming  the  paint  by  placing  the  can  In  a  tub 
of  hot  water  is  sometimes  done  to  make  the  paint  work 
more  freely  in  cold  weather.  All  thinners  tend  to  make 
the  coat  of  paint  too  thin  and  too  hard  and  brittle. 
Turpentine  is  probably  the  least  harmful  of  the  sub- 
stances  used   for  this  purpose. 

Red  lead  seems  to  be  preferred  by  more  engineers 
than  any  of  the  other  pigments.  Doubtless  much  of  this 
preference  is  due  to  the  fact  that  it  is  not  as  easily  adul- 
terated and  is  therefore  more  liable  to  be  pure.  Much 
of  the  iron  oxide  pigment  is  made  from  iron  ore,  and 
some  of  it  contains  large  percentages  of  clay  and  other 
foreign  substances.  Sometimes  the  foreign  substances 
predominate,  and  what  is  sold  for  Iron  oxide  is  only 
about  25  per  cent.  pure.  Again  the  oxide  may  be  mixed 
with  the  hydrated  oxide,  or  in  other  words  contain  water. 
This  destroys  to  a  great  extent  its  usefulness  as  a  pro- 
tective coating  for  steel.  The  hydrated  oxide  is  known 
by  the  bright  red  or  purple  color  of  the  pigment.     An- 
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hydrous  oxide  is  dark  red  or  brown. 

The  requisite  qualities  of  a  grood  plgrment  are  (1)  it 
should  be  unaffected  by  atmospheric  conditions  or  agren- 
cies;  (2)  it  should  possess  good  covering:  qualities  or 
in  other  words  fill  all  the  pores  in  the  linseed  oil.  Red 
lead  Is  acted  upon  by  H2S,  which  Is  found  in  the  atmos- 
phere of  cities,  and  should  therefore  not  be  used  as  a 
final  coat.  It  should  be  covered,  when  used  as  a  priming 
coat,  by  a  carbon  or  asphalt  or  other  paint  to  protect 
It  agrainst  deterioration.  Again,  red  lead  is  very  heavy, 
and,  if  much  oil  is  mixed  with  it,  it  will  run  before  the  oil 
has  time  to  dry  or  set.  From  30  to  35  lbs.  of  red  lead 
is  used  to  a  gallon  of  oil,  and  the  tendency,  when  used 
alone,  is  to  give  a  paint  that  is  hard  and  inelastic  and 
not  yielding  under  the  expansion  and  contraction  of  the 
metal.  Carbon  in  the  shape  of  lamp  black  or  graphite 
is  not  affected  by  the  atmosphere  and  for  this  reason 
should  make  a  good  pigment.  It  has  great  spreading 
qualities  and  requires  much  oil.  giving  a  paint  in  which 
the  oil  predominates  and  which  is  consequently  slow 
drying  and  more  or  less  porous.  To  some  extent  then 
one  of  these  pigments  possesses  the  qualities  lacking  in 
the  other.  A  mixture  of  the  two  is  better  than  either 
alone.  The  B.  &  O.  R.  R.  specifications  call  for  paint 
made  of  12  lbs.  of  red  lead  and  10  oz.  of  lamp  black, 
mixed  dry,  and  then  enough  raw  oil  added  to  make  one 
gallon   of  paint. 

Red  lead  should  not  be  ground  !n  oil,  for  it  will  cake 
before  using  and  settle  to  the  bottom  and  sides  of  the 
vessel.  Ready-mixed  red  lead  paint  cannot  be  kept  fluid 
unless  mixed  with  some  adulterant  to  prevent  drying. 

Oxide  of  iron.  If  it  is  thoroughly  oxldfzed,  and  not 
the  hydrated  oxide,  is  a  good  pigment  alone  for  steel 
work. 

It  is  not  to  be  expected  that  materials  that  sell  for 
pure  even  at  first-class  stores,  and  which  are  really 
largely  adulteration,  can  be  combined  to  make  a  paint 
that  will  adhere  to  steel  and  protect  it  against  the 
weather.  Where  commercial  materials  and  home-made 
paint  must  be  used,  no  doubt  red  lead  and  lamp  black 
mixed  in  raw  linseed  oil,  just  as  much  being  mixed  as 
can  be  used  the  same  day,  will  give  the  most  satisfac- 
tory results.  When  a  paint  grinding  mill  is  available. 
boiled  oil,  litharge  and  lamp  black,  thoroughly  mixed  and 
ground  together,  equal  parts  by  weight  of  each,  will 
make  a  good  elastic  and  impervious  coating. 

It  is  better  to  use  the  prepared  mixture  of  some  manu- 
facturer of  national  reputation  for  making  paint  for  steel 
work.  This  is  not  only  to  secure  any  benefits  from  the 
manufacturer's  particular  mixture  but  also  to  obtain 
pure  materials. 

The  advantage  in  painting  the  metal  with  two  or 
three  coats  is  not  only  that  all  surfaces  will  be  covered, 
but  that  the  successive  layers  of  paint  will  fill  any  pores 
in  the  one  beneath  and  make  the  covering  more  imperv- 
ious. Several  thin  coats  of  paint  are  better  than  one 
thick  coat.  They  will  dry  better  and  are  less  liable  to 
peel  off. 

Surfaces  that  are  subject  to  such  unusual  conditions 
as  the  blast  from  the  stack  of  a  locomotive  with  its  sul- 

ghur  fumes  and  fiying  cinders  can  scarcely  be  protected 
y  oil  paint,  for,  even  though  the  paint  may  resist  the 
chemical  action  of  the  gases,  the.  cinders  will  wear  It 
aw^ay.    A   thick   coat   of   Portland   cement,    If   it   can   be 
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ma<3e  to  adhere  to  the  steet,  will  protect  It  effectually. 
Cement  alone,  mixed  with  water,  will  not  adhere  well 
to  the  surface  of  the  steel,  and  the  thin  coat  will  dry 
out  before  settingr.  It  is  only  when  steel  is  embedded 
in  concrete  or  cement  and  completely  surrounded  by  it 
that  the  adhesion  between  the  two  materials  is  as- 
sured. 

In  some  experimental  work  done  in  the  way  of  pro- 
tecting steel  work  with  Portland  cement,  in  the  Union 
Depot  at  Columbus,  O.,  (See  Kng.  News,  June  5,  1902), 
the   foUowinfi:   method   was   employed. 

(1)  The  iron  or  steel  surface  should  be  made  clean 
from  rust  and  foreigrn  matter  by  use  of  sand  blast,  steel 
brush,  or  file. 

(2)  Apply  a  thick  coat  of  Japan  drier  on  the  clean 
iron.  This  must  be  done,  however.  Just  before  applying 
the  subsequent  coatingr,  described  below,  so  that  the 
Japan  drier  will  not  become  dry  before  the  application 
of  said  coating:. 

(3)  Apply  with  a  trowel  to  a  minimum  thickness  of 
1-16  in.  and  a  maximum  thickness  of  M  in.  (in  extreme 
cases  H  in.)  a  mixture  of  32  lbs.  Portland  cement,  12 
lbs.  dry  finely  grround  red  lead,  4  to  6  lbs.  boiled  Unseed 
oil,  2  to  3  lbs.  Japan  drier. 

In  a  paper  by  Mr.  Louis  H.  Barker,  in  Proc.  Am.  Soc. 
for  Testing:  Materials,  Vol.  V.,  a  method  of  painting 
steel  is  griven  which  protected  the  steel  very  effectually. 
By  this  method  a  certain  kind  of  tacky  paint  is  applied. 
Paraffine  paper  is  laid  over  and  tigrhtly  pressed  upon 
the  painted  surface,  the  joints  of  the  paper  sligrhtly  lap- 
ping:. As  soon  as  the  paper  is  in  place  it  is  painted  with 
an  outside  coat  of  paint.  The  purpose  of  the  parafCine 
paper  is  to  exclude  moisture.  Much  of  the  deterioration 
of  paint  is  due  to  rusting:  of  steel  underneath.  When 
this  is  prevented,  the  paint  lasts  very  much  better. 

Linseed  oil  paints  have  been  found  to  be  a  failure 
in  locations  where  constant  dampness  exists,  as  in  sub- 
ways. Asphaltum  or  tar  paints  are  better  suited  to  such 
places. 

Mr.  A.  J.  Cunning:ham,  in  Eng.  Record,  Aug.  4,  1906, 
and  Eng.  News,  July  12.  1906,  gives  some  data  on  paint 
made  of  coal  tar  and  cement  and  kerosene  oil.  He 
found  these  to  be  good  protective  coatings  especially  for 
tin  and  corrugated  iron  roofs.  Leaking  tin  roofs  can 
be  effectually  mended  with  this  coal  tar  paint  and  can- 
ton  flannel. 

Japan  is  made  by  cooking  gum  shellac  with  linseed 
oil  in  a  varnish  kettle.  After  being  cooked  down  it  la 
thinned  with  turpentine.  Litharge,  or  some  similar  ma- 
terial, is  usually  added  to  quicken  the  drying.  A  small 
portion  is  added  to  ordinary  paints  to  make  them  dry 
more  rapidly,  hence  it  is  sometimes  called  Japan  drier. 
(Century   Dictionary.) 

Varnish  is  made  by  treating  resin  to  a  similar  cooking 
process  with  linseed  oil  and  then  thinning  with  turpen- 
tine. Asphalt  may  be  used  in  connection  with  resin  to 
make  an  asphalt  varnish.  Asphalt  is  not  considered  a 
pigment  but  is  more   in   the  nature   of  a  resin. 

Enamel  or  Japan  baked  on  steel  gives  a  very  lasting 
coating  in  some  circumstances.  For  small  pieces  the 
coating  is  applied  cold  with  a  brush,  and  it  is  thinned 
with  some  solvent  (usually  turpentine).  For  large  pieces 
it  would  be  dangerous  to  have  the  laree  amount  of  in- 
flammable solvent  liberated   at   once.     The  coating  must 
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therefore  be  made  liquid  by  heatingr  and  the  pieces  dipped 
into  it.  The  heat  of  baking:  causes  the  coatingr  to  adhere 
closely  to  the  surface  of  the  steel  and  to  spread  out 
uniformly,  covering  all  ir regular!  ties  and  closingr  all 
pores. 

Paint  will  cover  from  300  sq.  ft.  to  1200  sq.  ft  of 
■teel  surface  to  the  gallon  of  paint,  the  heavier  paints 
coveringr  less  surface  than  the  Ifghter.  Red  lead  should 
be  made  to  cover  about  400  sq.  ft.  to  the  gallon.  Oxide 
of  iron,  white  lead,  and  graphite  paint  will  cover  about 
600  sq.  ft.  to  the  gallon.  Red  lead  and  lamp  black  mixed 
will  cover  about  700  sq.  ft.  and  asphalt  paint  about  300 
sq.  ft.  to  the  gallon.  The  above  are  for  first  coats.  In 
the  second  coat  the  paint  will  cover  from  25  to  50  per 
cent,   more  surface. 

The  following  table  gives  approximately  the  amount 
of  paint  for  the  first  and  second  coats  of  light  highway 
&na  single  track  railroad  spans,  the  first  column  being 
the  number  of  gallons  for  first  coat  and  the  second  col- 
umn the   number  for  the  second   coat.     (C.   E.   Fowler.) 

HIGHWAY    SPANS. 


Length 

Oxide  of  Iron 

Red  Lead 

As 
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White  Lead 

Feet 

Graphite 

60 

2       IH 

6 

8 

100 

6       4^ 

4%   3 

10 

6 

160 

16     12 

12       8 

27 

16 

200 

24     17 

17     12 

40 

24 

260 

42     80 

30     21 

70 

42 

800 

56     40 
RAILROAD 

40     28 
SPANS. 

90 

56 

Length 

Oxide  of  Iron 

Red  Lead 

As 

pha 

of  Span 

White  Lead 

Feet 

Graphite 
14     10 

100 

10       7 

23 

14 

160 

30     21 

21     15 

50 

80 

200 

43     31 

81     22 

72 

43 

260 

69     49 

49     35 

115 

69 

800 

89     63 

63     45 

148 

89 

A  man  with  a  brush  can  paint  from  1200  to  1500 
sq.  ft.  of  flat  surface  in  a  day. 

Spraying  machines  are  sometimes  used  for  regular 
work  such  as  steel  cars.  These  spread  the  paint  by 
means  of  compressed  air.  They  do  not  give  a  good  even 
coat.  The  chilling  of  the  expanding  air  tends  to  cause 
moisture  to  condense  on  the  metal.  This  is  not  a  good 
method  of  painting  steel.. 

The  Forth  Bridge  in  Scotland  had  two  coats  of  boiled 
oil  in  the  shop  and  two  of  iron  oxide  in  the  field.  Each 
coat  of  paint  required  60  tons.  The  bridge  has  145  acres 
of  pair.tlng  surface  and  requires  the  services  of  a  painter 
constantly.  The  constant  painting  results  in  a  new  coat 
of  paint  about  every   three  years. 
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CHAPTER  III. 
Some  Notes  on  Structural  Detail  Drawiag. 

Detail  drawltiKi  are  Renerally  made  on  sheetH  2*-  by 
3S"  In  outside  measurementi.  The  title  should  be  placed 
in  the  lower  right  hand  corner,  as  also  the  number  of 
the  sheet.  General  notes,  speclflcatlona,  loading,  etc.,  may 
be  nlaced  to  the  left  of  the  title.  Strain  sheets  nay  bo 
made  In  sizes  8^4"  bv  14",  11%"  by  18",  or  larg-er  sheets, 
ir  the  structure  demands  It.  Bill  sheets  and  sketch 
sheets  are  usually  8%"  by  11*  or  8%"  by  14":  the  title 
Bid  number  of  these  Is  In  the  heading:  sometlm-- 
the  number  Is  also  given  at  the  bottom  of  sheet,  LI*  __ 
of  material,  bolt  lists,  rivet  lists,  etc.,  are  put  on  hill 
sheets,  Bltetches  of  forglngs  and  eastings,  pins,  rollerB. 
eye  bars,  rods,  nuts,  etc.,  are  put  on  the  sketch  sheets. 

It  l«  beat  to  make  all  traclnss  on  the  dull  side  of  tha 
tracing  cloth.  This  Is  the  easier  side  to  work  on  •.nd 
does  not  require  so  much  care  as  the  glossy  side.  Era,>- 
ures  can  be  made  with  ease  and  do  not  leave  marks  on 
the  drawing,  provided  a  scratcher  is  not  Used.  A  rubber 
only    should    be    employed. 

Shade  lining  Is  not  employed,  and  surfaces  are  sh&d 

In  but  few  cases,  such  as  heads  of  eye-bars,  rollers,  ek.>: 

._    _,___.   ....    Bent  plateB  are  sometimes   stiaded 

are   eiiner    oiacKenea    or    croas-naicnea^    sometimes    both 
methods  are  used  In  conjunction  to  dlstlnsulsh  dlCFereat 

Rivet   lines   and   distance   lines   should   be   showji    ., 
nne   black   lines,     iled   Ink   was  formerly  much   used   for 
this   purpose,   but    better   drawings   and   better   printa   i 
■ult   from    Che    use   of    black   Ink. 

Lattice  bars  may  be  shown  In  detail,  or  they  ma,y  be 
•Imply  Indicated  by  a  line  line  representing  the  center 
line  of  Che  bar,  the  rivets  being  shown  In  the  Usual  way 
at  the  interaectlons. 

Beams    and    channels    are    better    shown    without 

extra   line  to  Indicate   the   slope   of  the   flange.     The    two 
lines  are  liable  to  give  rise  Co  ambiguity. 

Where  a  rivet  hole  is  to  be  shown  in  metal  of  which 
only  the  edge  is  visible,  it  may  be  done  as  Indicated  In 
Fig.    1,   at    (a). 

Rivet    heads    are    seldom    shown    in    elevation,    unl_._ 

drawing   or   in   a   detail    where   rlveU 

ed  without  making  A  view  for  the  purpose. 


-  In  structural  detail  drawiners  the  distance  lines  ars 
usually  made  continuous  lines  in  place  of  broken  or 
dotted  lines  as  in  some  other  detail  work.  The  dimen- 
lions  are  usually  written  over  or  under  the  lines. 

Liengths  over  one  foot .  should  be  given  in  feet  and 
Inches.  In  writing  down  the  width  of  plates  more  than 
a  foot  wide,  however,  the  number  of  inches  should  be 
^ven. 

The  dimensions  of  a  steel  plate  are  given  thus,  ilf^x 
H"xll'  6"  or  101"xH"— 13'  9"  long. 

In  the  dimensions  of  wood  the  following  order  Is 
employed— 3"xl2"xll'    7"   or   2"xl0''— 14'   8"   long. 

In  giving  steel  angles  usually  the  long  leg  or  flange 
is  written  first,  then  the  short  leg.  then  the  thickness. 
Occasionally  the  weight  per  foot  is  added.  In  zee  bars 
give  the  web,  the  flange,  and  the  thickness.  In  tee  bars 
give  the  flange,  the  stem,  and  the  weight  per  foot. 

In  I-beams  give  the  depth  and  the  weight  per  foot. 
It  Is  also  well  to  give  the  width  of  flange  and  tnickness 
of  web  in  I-beams  and  channels,  on  the  detail  drawings. 
This  will  aid  the  shops  in  selecting  the  correct  pieces, 
when  different  weights  have  been  ordered.  It  will  also 
save  the  Inspector  the  trouble  and  delay  of  referring 
to  a  handbook  to  see  if  the  correct  weight  of  beam  or 
channel  has  been  used. 

Wood  when  shown  in  the  direction  of  the  grain  ic 
indicated  by  graining  or  may  be  left  blank.  When  in 
section,  it  is  shown  indifferently  by  parallel  cross-hatch 
lines  or  by  concentric  circles  with  radial  lines.  In  end 
view  the  rectangle  may  be  left  blank,  or  it  may  have 
diagonal  lines  drawn  across. 

Lattice  bars  need  not  be  shown  in  side  view.  Tis 
plates  and  batten  plates  should  be  so  shown. 

Conventional  methods  of  representating  what  can  be 
shown  on  the  drawings  are  very  little  used  In  struc- 
tural drawing:  dependence  is  placed  on  the  clearness 
of  the  drawing  itself  and,  where  necessary,  explanatory 
notes.  One  exception  to  this,  however,  is  in  the  manner 
of  showing  rivets.  Osborn's  code,  illustrated  in  the 
author's  book  of  Tables,  page  60,  Is  now  very  generally 
used  and  has  many  advantages.  It  is  easy  to  make  on 
the  drawing,  there  being  no  dotted  lines  to  draw;  it  is 
easy  to  distinguish  on  the  print;  and  in  the  shops  the 
oame  signs  can  be  painted  around  the  holes  to  be  coun- 
tersunk, or  where  rivets  are  to  be  flattened,  thus  avoid- 
ing the  use  of  a  code  for  the  drafting  room  and  another 
for  the  shop. 

Drawings  should  be  made  to  scale  where  practicable, 
but  dimensions  should  always  be  given  In  full,  so  that 
no  dependence  will  be  placed  on  the  scale.  Building  de- 
tails, especially  the  beam  work,  are  very  often  made 
on  standard  sheets  having  beams  printed  on  in  outline. 
In  these  no  attention  is  paid  to  scale. 

The  usual  scales  employed  in  detail  drawing  are  m  In., 
1  in.,  and  IH  in.  to  the  foot.  If  a  truss  is  to  be  detailed 
with  the  members  in  their  relative  positions,  a  smaller 
scale  can  be  used  for  the  lengths  of  members.  The 
members  may  be  shown  broken  between  panel  points; 
or.  If  only  intermediate  rivets  are  to  be  shown,  as  in  a 
roof  truss,  the  rivets  may  be  shown  without  regard  to 
scale  and  the  members  made  continuous. 

In  a  large  job  one  drawing,  usually  the  erection  dia- 
gram, should  contain  a  list  of  all   the   detail  drawings 
snd  a   statement   of   the   parts  detailed   on   each.    In   a 
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floor  where  there  is  a  large  number  of  beams,  there 
should  be  a  sheet  showlnsr  the  drawing:  on  which  any 
beam   is   detailed. 

The  erection  sheet  should  show  the  greneral  dimen- 
sions of  the  structure  and  the  position  and  marking  of 
all  the  parts. 

Tie  rods  in  buildings  may.  be  indicated  on  the  erection 
diagram  by  their  length,  as  they  are  too  small  to  be 
marked  with  paint. 

The  erection  marks  of  pieces  should  be  with  capital 
letters  and  numbers.  The  upper  panel  points  of  a  truss 
are  called  UO,  Ul,  U2,  etc.;  the  lower  panel  points,  LO. 
LI,  L2.  etc.;  and  intermediate  points  are  called 
Ml,      Mx,       etc.  Members       are     designated       LOUl, 

U3M4,  etc.  Floor-beams  may  be  FB2,  etc.;  stringers, 
89,  etc.;  laterals,  L4,  etc.  For  knee  brace  use  KB;  lateral 
plate,  LP;  masonry  plate,  MP.  Columns  of  the  first  tier 
of  a  building  may  be  marked  ICl,  1C2,  etc.  Beams  of 
the  second  floor  may  be  marked  2B1  2B2,  etc.  In  num- 
bering the  beams  on  an  erection  diagram  some  order 
should  be  observed,  so  that  the  checker  can  find  a  beam 
readily.  Beams  and  channels  may  be  shown  on  an  erec- 
tion plan  by  single  heavy  lines,  but  the  direction  that 
the  flanges  of  a  channel  are  turned  should  be  indicated 
by  drawing  a  short  portion  of  it  in  flne  lines,  with  dotted 
line  to  show  the  web. 

Sometimes  on  a  detailed  sheet  a  small  sketch  is  given 
of  parts  surrounding  the  member  detailed  on  that  sheet, 
that  member  being  shown  in  heavy  lines.  It  is  often 
useful  to  show  in  red  portions  of  connecting  members; 
it  aids  in   checking   the   details. 


Fig.  2. 


Skew  details  for  beams  can  be  shown  as  indicated 
in  Fig.  2  at  (a).  This  simplifies  the  draftsman's  calcu- 
lations as  well  as  the  work  of  checking,  as  the  same 
centers  are  used  on  this  beam  and  the  one  into  which  it 
frames.  It  is  a  little  more  difficult  for  the  inspector, 
than  if  the  dimensions  were  given  to  the  corner  of  the 
bend,  but  a  small  error  here  is  not  of  much  importance. 

When  a  dimension  line  passes  through  a  hole  or  rivet 
that  it  is  not  intended  to  locate,  it  should  be  deflected 
with  a  half  circle,  as  indicated  at  (b).  Fig.  2. 

Rivets  need  not  all  be  shown  on  a  detail  drawing, 
where  the  failure  to  show  them  does  not  take  away 
from  the  clearness  of  the  drawing.  They  should  be 
shown  near  the  ends  of  members  and  where  there  is  a 
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change  in  Spacing.  Where  lattice  bars  are  riveted  to* 
gether  at  their  intersections,  the  rivet  should  be  indi- 
cated. 

Rivet  spacing  should  be  made  regular  and  in  even 
inches  or  quarters,  as  far  as  practicable.  Countersink- 
ing of  rivets  should  be  avoided  where  possible,  especially 
in  large  pieces  and  in  tension  members.  Flattening  to 
%  in.  is  cheaper,  as  it  does  not  require  countersinking 
the  hole.  Duplicate  spacing  of  rivets  should  be  given 
thus,  9  spaces  2%   in.  =  l'    10%",  etc. 

The  spacing  of  the  rivets  along  a  given  line  should 
be  shown  along  one  dimension  line  and  not  on  several 
lines,  and  this  spacing  should  be  tied  to  other  details, 
such  as  girder  stiffeners  and  column  brackets. 

Columns  should   be  detailed  in  a  horizontal  position. 
with  the  bases  to  the^left,  as  this  is  the  way  they  are 
assembled.     In  detailing  only  one  half  of  a  symmetrical 
member,  the  left  half  should  be  shown. 

When  any  member  is  symmetrical  about  a  given  axis 
in  all  respects  except  a  few  minor  details,  the  excep- 
tions should  be  deflenitely  stated.  When  a  member  is 
only  partially  detailed,  reference  being  made  to  an- 
other fully  detailed  member  for  parts  not  shown,  the 
differences  should  be  clearly  stated  and  shown  on  the 
drawing.  If  the  first  member  is  symmetrical  and  the 
second  is  not  quite  so,  this  should  be  made  plain.  It 
could  be  done  by  use  of  a  line  sketch,  marking  one  half, 
"This  half  same  as  member  X,"  and  the  other,  "This 
half  same  as  member  X,  except  as  shown." 

Where  a  set  of  girders  are  alike  with  the  exception 
of  minor  details,  there  should  be  small  sketches  made 
on  the  detail  drawing  showing  the  several  girders  and 
the  position  of  each  detail. 

Castings  should  be  made  simple.  Curved  surfaces 
should  be  avoided,  as  these  are  more  difficult  and  ex- 
pemsive  to  make  in  the  pattern.  Notes  should  state 
whether  holes  are  cored  or  drilled  and  just  what  sur- 
faces are   to   be   planed. 

Material  should  be  clearly  and  uniformly  marked  on  a 
detail  drawing.  The  sizes  of  important  material  should 
be  prominently  given.  Usually  widths  of  plates  should 
be  in  quarters  of  an  inch.  Gusset  plates  should  be 
planned  to  be  sheared  with  as  few  cuts  and  as  little 
waste  as  possible,  and  where  many  duplicate  pieces  are 
required,   they  should  be  cut  from  long  pieces. 

Large  gusset  plates  are  ordered  from  the  mill  as  sketch 
plates,  that  is,  they  are  ordered  sheared  at  the  mill 
according  to  a  sketch  given  on  the  order. 

Two  or  more  shearings  should  be  avoided  on  the  ends 
of  pieces.  Usually  angles  can  be  sheared  off  square  or 
at  least  with  one  cut.  (Beveled  cuts  can  be  sheared  with 
one  operation.)  Cover  plates  on  a  girder  should  end 
square,  the  last  rivets  being  in  the  outer  row. 

Lattice  bars  should  be  in  as  few  lengths  as  possible, 
as  these  are  sheared  and  punched  to  a  gage. 

Bevel  cuts  should  be  avoided  on  beams  and  channels 
where  practicable,  especially  those  where  flanges  are 
beveled.  The  flanges  of  a  beam  can  be  blocked  out  in 
f  coping  machine,  but  bevel  cuts  require  a  saw.  Rough 
bevel  cuts  can  be  made  by  blocking  out  the  flanges  and 
then  shearing  the  webs. 

When  a  cover  plate  is  used  on  an  I-beam,  the  rivets, 
excepting  the  end  pair,  should  be  staggered.  This  is  to 
keep  the  net  section  of  the  beam  as  large  as  possible. 
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:    draftsman    should 

<  In  view  the  shop 
Inspector's  end  of  the  work.  romemberlnK  that  the  easier 
his  work  of  checking  up  the  details  Is  made  the  less  will 
be   hla  liability   to  miss  errors  In  the  work. 


(a) 


Fig.3. 
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details  which  are  not  nearly  symmetrical.  If  the  spac- 
ing of  rivets  connecting  to  main  member  is  symmetri- 
cal, ttie  pieces  may  be  put  on  end  for  end;  wnereas  if 
the  rivets  are  spaced  unsymmetrically,  this  error  could 
not  be  made. 

Bevels  should  be  indicated  by  the  two  sides  of  a 
right  triangrle  skiving:  the  longrer  side  as  one  foot  and  the 
shorter  side  in  inches  and  fractions  of  an  inch  as  shown 
in  Fig.   3. 

In  making:   the   detail    drawing:   of   a   column   always 
give  the  distance  from  the  ends  of  column  to  the  brack- 
ets or  beam  seats  and  the  distance  between  brackets,  on 
each  side  of   the   column.     It   is  better   to   give   the   dis- 
tance from   milled  end   of  column   than  from   outside   of 
base  plate,  as  it  is  easier  to  measure  from   the   former. 
It  is  a  very  good  rule,  and  one  practiced  in  some  draft- 
ing offices,   to  give  the  distance  from  end  of  column  to 
each   bracket    severally.      The    inspector    can    then    more 
readily    check    up    the    correctness    of    the     location     of 
brackets.     In  general  the  distances  between  connections 
of  any  kind  in  columns  and  other  work  should  be  given, 
besides  including  them  in  the  rivet  spacing.     It  retards 
and  complicates    the    work    of    the    inspector,    if    he    has 
to  sit  down  and  complete  the  drawing  by  footing  up  the 
distances    from    bracket    to    bracket.     In    beam    details, 
the  same    rule    can    be    employed,    namely,    showing    the 
distance   from   the   end   of   beam   to   each    of   the   several 
connections.     However,    the    distance    between    the    con- 
nections should  not  be   omitted.     It  is  sometimes  easier 
to   check    a    beam    by    measuring    the    distance    between 
the  connections   than  by   measuring   from   the   end.     The 
end  of  a  beam  is  not  always  true  to  length  (in  building 
work),  so   that  it  is  not  always   practicable   to   use   the 
end  for  a  starting  point. 

In  building  columns  it  is  well  to  show  on  the  detail 
drawing  the  floor  lines  or  at  least  the  line  representing 
the  top  level  of  beams,  if  beams  are  on  the  same  level. 
An  indication  in  dotted  or  fine  lines  of  at  least  some  of 
the  parts  that  frame  in  would  often  aid  greatly  in  check- 
ing the  details.  Similarly,  in  bridge  work,  the  center 
line  of  the  truss  or  girder  or  of  floorbeam  or  stringer 
will  also  help  in  checking  the  drawing.  In  building 
work  show  by  a  small  figure  the  distance  from  end  of 
beam  to  center  of  beam  or  column  to  which  the  beam 
frames.  Also  a  small  figure  giving  the  number  of  col- 
umn to  which  the  beam  connects  would  be  very  useful 
to  the  checker,  especially  in  a  building  of  large  extent. 
Sometimes  more  time  is  consumed  in  searching  for  a 
given  beam  on  the  floor  plan  than  is  required  to  check 
the  detail. 

There  is  a  style  of  drawing  wherein  the  view  of  an 
object  shown  to  one  side  is  that  of  the  opposite  side  of 
the  object.  Thus. on  the  right  hand  of  an  object  there 
will  be  shown  a  view  of  the  left  side,  looking  toward 
the  right.  There  may  be  some  fancied  theoretical  rea- 
son for  the  existence  of  such  a  system.  It  has  no  place 
in  practical  detailing.  A  side  view  of  anything,  should 
be  shown  on  the  side  of  which  the  view  is  made.  There 
are  some  apparent  exceptions  to  this,  but  the  drawing 
should  show  clearly  that  they  are  exceptions.  For  ex- 
ample, the  bottom  flange  of  a  girder  span  is  best  shown 
by  cutting  a  section  just  above  the  angles  and  looking 
down  on  the  flange.  To  indicate  this  the  web  plate 
and    stiffeners    should    be    shown    in    section.     Sometimes 
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H  Sectional  view  of  a  grirder  cd.il  be  best  detailed  in  a 
view  looking:  toward  the  end  at  which  the  view  is  shown; 
in  this  case  arrows  should  be  used  at  the  section  to 
show  which  way  the  view  is  taken.  The  base  plate  of 
a  column  may  be  shown  by  cutting^  a  section  above  the 
base  of  column.  For  unsymmetrical  columns  this  is 
probably  the  best  way:  it  simplifies  the  detailing:  and 
checking:,  if  the  draftsman  is  not  required  to  imagrine  the 
column  inverted.  For  symmetrical  columns  it  is  not 
of  much  importance  whether  the  bottom  view  is  from 
beneath  or  a  sectional  view.  Inspection  is  rendered 
easier  in  either  case  by  an  end  view  rather  than  a  sec- 
tional view,  but  the  chances  of  error  in  detailing  with 
the  base  of  column  inverted  are  probably  more  than  the 
chances   of   error   in    inspection. 

Attempt  should  not  be  made  to  curtail  the  number  of 
sketches  or  the  number  of  drawingrs  by  showing  many 
different  pieces  in  the  same  sketch,  covering:  the  dif- 
ferences (and  the  drawing:)  with  notes.  Many  drawingrs 
are  turned  out  that  are  so  full  of  notes  that  it  is  a 
marvel  if  the  pieces  are  made  correctly.  Such  methods 
can  only  give  rise  to  confusion.  A  few  holes  to  re-drill 
tn  the  Held  or  a  few  parts  to  knock  off  would  soon  make 
up  the  cost  of  an  extra  drawing:. 

As  far  as  possible  a  drawing:  should  be  complete  in 
itself.  If  it  is  required  to  refer  to  another  drawing:  for 
any  detail,  that  drawing  may  not  be  available.  How- 
ever, in  the  matter  of  rivet  spacing  of  shop  rivets  it  is 
of  advantage  to  use  standard  spacing  and  to  refer  to 
other  sheets  having  the  same  spacing.  This  simplifies 
the  making  of  templates.  In  building  work  there  are 
often  many  columns  that  could  have  the  same  rivet 
spacing  for  eight  or  ten  feet  of  their  length.  Separate 
standard  sheets  are  sometimes  made  showing  these  spac- 
ings  and  designating  them  by  letter. 

Standard  beam  brackets  are  often  shown  on  separate 
sheets  and  referred  to  on  the  detail  drawings.  Such 
standards  should  be  consistently  employed.  If  for  any 
reason  there  is  a  difference,  in  location  of  holes  or  rivets 
or  in  lengths  of  pieces,  from  the  standard,  a  special  de- 
tail should  be  made.  Generally  the  open  holes  should 
be  indicated  on  the  detail  drawing,  though  they  are 
located  on  the  standard  sheet.  This  is  for  the  benefit 
of  the  inspector,  to  show  him  that  there  are  holes  in 
certain  lugs.  He  will  then  refer  to  his  sheet  of  standards 
to  find  the  location  of  the  holes. 

It  should  be  borne  in  mind  by  the  draftsman  that 
the  inspector  is  not  expected  to  examine  the  bill  of  ma- 
terial on  a  drawing  to  see  whether  there  are  any  stand- 
ard details  to  look  up.  The  drawing  should  show  him 
where  there  are  any  field  connections  to  be  checked 
up,  and  if  these  are  shown  devoid  of  holes,  he  is  apt 
to  make  measurements  merely  for  their  location  on  the 
column. 

Parts  of  standard  beam  connections  on  columns  may 
be  marked  thus — 10B4.  The  lOB  refers  to  a  lOin.  beam: 
the  other  number  distinguishes  the  piece. 

In  a  set  of  building  columns  standard  or  uniform 
spacing  was  used  for  an  entire  tier  of  columns  from 
end  to  end.  The  spacing  near  beam  seats  was  made 
three  inches.  As  9,  12,  15,  18,  and  24  inch  beams  have 
their  depths  In  multiples  of  3  the  seats  had  uniform 
gages  for  these.  The  20-in.  and  10-in.  beam  seats  were 
built   up   with   two    %-in.   fillers.     This   plan   greatly  re- 
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duced  the  template  on  the  columns. 

A  common  standard  attachment  of  beams  to  columns 
is  by  means  ot  a  shelf  ang^le  on  which  the  beam  rests, 
stiffened  with  angles  beneath  it  for  beams  over  10 
inches  in  depth,  and  a  lug  angle  above  the  beam.  The 
beam  has  two  holes  for  rivets  in  both  the  shelf  angle 
and  the  upper  lug.  Usually  the  distance  in  clear  between 
the  shelf  angle  and  the  lug  is  V4  in.  more  than  the 
depth  of  the  beam,  as  beams  overrun  in  depth.  When 
ttie  beam  can  be  entered  from  the  side,  in  erection, 
the  lug  should  be  riveted  to  the  column;  in  recesses  it 
should   be    shipped    bolted. 

Standards  for  beam  work  in  buildings  are  very  com- 
monly used.  The  standard  most  commonly  employed 
may  be  found  in  the  Carnegie  Pocket  Companion  and 
in  Godfrey's  Tables.  In  beam  details  these  standards 
are  sometimes  indicated  by  blank  angles  on  the  drawing 
and  without  any  note:  in  the  position  where  an  end 
view  would  be  given  a  figure  such  as  5%"  will  be  given. 
This  means  that  the  connection  is  standard  and  that 
the  vertical  rows  of  open  holes  are  5%"  apart.  It  is 
better  to  show  the  number  of  field  and  shop  rivets  in  the 
connection.  When  the  standard  angles  on  a  beam  or  the 
standard  holes  in  a  web  do  not  occur  at  the  middle  of 
the  height  of  a  beam  a  figure  is  given  to  show  the  lo- 
cation of  the  center  of  the  connection.  Thus,  if  a  9-in. 
and  a  10-in.  beam  frame  opposite  each  other  and  are 
flush  on  top,  since  the  connection  angles  are  the  same 
for  both  beams,  the  10-in.  beam  can  be  made  regular  and 
the  connection  angles  set  5  in.  below  the  top  on  the 
9-in.  beam.  In  the  web  of  a  beam  the  standard  open 
holes  are  indicated  by  their  number  and  the  position 
of  the 'center  of  the  group  vertically  and  horizontally. 
The  horizontal  distance  between  the  vertical  rows  of 
holes  is  also  given. 

In  building  work  very  often  a  beam  frames  into  an- 
other close  to  the  end  of  the  latter.  The  second  beam 
will  have  a  reaction  at  that  end  exceeding  that  which 
it  would  have  at  its  ordinary  capacity  as  a  uniformly 
loaded  beam.  The  end  detail  should  then  be  extra  strong. 
It  is  a  good  rule,  if  the  actual  loading  is  not  known,  to 
make  the  end  detail  capable  of  carrying  the  reaction  of 
the  two  beams  at  their  capacity. 

Usually  no  more  than  1-16  or  %  inch  of  clearance  is 
allowed  in  the  lengths  of  beams.  Connection  lugs  are, 
however,  allowed  to  project  %  to  %  in.  beyond  the  ends 
of  beams  in  building  work.  This  avoids  cutting  off 
beams  when  they  overrun.  For  beams  that  frame  into 
columns  the  end  of  the  beam  should  not  be  more  than 
%  in.  from  the  heel  of  the  angle  seat,  so  as  to  avoid 
bending  on  the  shelf  angle. 

In  pin-connected  truss  work  allow  about  %  in.  clear- 
ance for  members  on  the  same  pin.  In  the  packing  of 
eye-bars  allow  1/16"  over  the  nominal  thickness  of  each 
bar.  For  plates  riveted  together  there  should  be  some 
allowance  made  over  the  thickness  of  the  plates  in  fig- 
uring clearances,  as  they  will  pack  out. 

Angles  sometimes  overrun  %  in.  or  more  in  the  width 
of  flange.  This  may  have  to  be  taken  into  account 
in  finding  the  lengths  of  filler  plates  on  girders.  Some- 
times close  fit  of  these  fillers  is  demanded,  though  there 
is  no  good  reason  therefor.  It  is  not  practicable  to 
make  a  fit  close  enough  to  take  a  load,  as  the  edge 
of  the  angle  is  rounded  ofT. 
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In  detailing:  riveted  members  it  is  well  to  make  thl 
lengths  of  long:  tension  braces  about  1-16  in.  shorter  than 
the  figured  dimension,  so  that  in  riveting  up  they  will 
draw  up   tight  and  not  buckle. 

Pin-connected  truss  members  are  made  to  exact 
lengths.  Built  members  are  given  to  thirty-seconds 
of  an  inch  and  eye- bars  sometimes  to  sixty-fourths. 
Formerly  eye-bar  lengths  were  given  back  to  back  of 
holes  to  take  up  the  play  in  pin  holes.  Camber  allow- 
ance is  usually  sufTicient  to  make  up  for  this. 

The  grip  of  a  pin,  that  is,  the  length  shoulder  to 
shoulder  is  made  hi  in.  to  V^  in.  more  than  the  parts  bear- 
ing on  it.  Recessed  nuts  are  commonly  used.  These  are 
usually  of  malleable  iron.  Very  large  pins,  such  as  12 
or  15  inches  in  diameter,  are  often  bored  through  the 
center  and  have  a  bolt,  about  1%  or  2  inches  In  diameter, 
which  takes  nuts  and  washer  plates.  Collars  are  pro- 
vided on  pins  to  space  loose  bars.  The  collar  may  be 
a  piece  of  gas  pipe  or  a  plate  of  H  or  ^  in.  steel  bent 
U-shaped  and  afterwards  hammered  to  fit  around  the 
pin,  or  it  may  be  fitted  in  the  shop  and  slipped  over  the 
pin  during  driving. 

Usually  all  columns  of  a  building  (sometimes  half  of 
them)  are  spliced  at  the  same  level.  This  simplifies 
the  details  and  the  erection. 

In  all  detail  work  the  practicability  of  driving  rivets 
must  be  taken  into  account,  if  rivets  are  to  be  used. 
Designs  and  details  that  require  special  riveting  ma- 
chines or  many  rivets  that  must  be  driven  by  hand 
should  be  avoided.  Members  built  of  two  channels,  with 
the  flanges  turned  towards  each  other  and  latticed,  re- 
quire a  special  machine  for  driving  the  rivets  or  would 
require  hand  riveting,  if  the  shop  is  not  supplied  with 
this  special  riveter.  Machine  driven  rivets  should  be 
used  wherever  possible,  and  details  should  be  employed 
that  admit  of  using  the  power  riveter.  Facility  for 
driving  field  rivets  requires  that  there  be  room  to  swing 
the  hammer  (if  air  riveters  are  not  employed),  room  to 
strike,  and  room  for  bucking  up,  or  holding  the  head 
while  the  rivet  is  being  driven.  In  a  case  such  as  shown 
in  Fig.  3,  at  (a),  the  field  rivets  could  not  be  driven  well, 
if  at  all.  If  the  connection  angle  had  a  longer  flange, 
3o  as  to  bring  the  rivet  beyond  the  flange  of  the  channel, 
this  fault  would  be  overcome.  Sometimes  the  end  stif- 
feners  of  girders  are  composed  of  three  pairs  of  angles. 
It  is  manifest  that  if  the  end  sway  frame  is  connected 
to  the  middle  pair  of  stiffeners,  the  gusset  plates  must 
be  riveted  to  the  stiffeners  before  the  girder  is  assembled. 
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Room  should  be  left  for  entering  the  field  rivets.  Bent 
plates  having  an  acute  angle  are  a  source  of  trouble  to 
the  erector  very  frequently,  as  the  rivets  are  located  so 
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cloie  to  the  corner  that  rivets  cannot  be  entered  in 
the  holes.  Lateral  plates  that  are  close  to  the  masonry 
often  do  not  have  space  enoug^h  beneath  for  a  rivet,  so 
that  it  is  necessary  eithef  to  Jack  up  the  end  of  the 
bridge  or  to  use  bolts  instead  of  rivets,  putting  the  nut 
underneath,  a  very  unsatisfactory  make- shift.  Where 
practicable  there  should  be  clearance  left  for  the  die 
in  driving  rivets  as  indicated  at  (b)   and   (c).  Fig.  4. 

In  trough  floor  work  there  are  brackets  used  to  stif- 
fen the  top  of  the  girder.  These  connect  to  the  stiffener 
of  the  girder  and  to  the  trough,  the  latter  being  by 
means  of  an  angle.  The  field  holes  should  be  those  in 
the  vertical  leg  of  this  connection  angle,  as  these  are 
the  most  accessible  tor  driving. 

Large  loose  fillers  are  hard  to  hold  in  place  during 
erection.  These  should  be  riveted  on  with  a  few  shop 
rivets. 

In  riveted  truss  members  where  there  are  several 
wide  plates  to  rivet  together  in  the  field,  some  counter- 
sunk stitch  rivets  should  be  shown  for  shop  driving  to 
hold  the  metal  together. 

Holes  for  stone  bolts  or  anchor  bolts  should  be  lo- 
cated so  that  the  hole  can  be  drilled  in  the  stone  after 
the  work  is  up.  As  a  rule  the  steel  work  is  placed,  and 
then  the  holes  are  drilled  in  the  stone  for  anchor  bolts. 
Sometimes  the  holes  for  bolts  are^  located  under  struts 
or  lateral  plates,  where  it  is  impossible  to  drill  the  holes 
in  the  stone.  In  a  girder  span  three  anchor  bolts  are 
usually  enough  in  each  shoe;  sometimes  two  are  ami^le. 
Two  could  be  placed  in  diagonally  opposite  corners,  or 
three  could  be  placed  In  the  three  corners  that  are  easy 
of  access.  Usually  about  %  in.  is  allowed  in  extra  diam- 
eter in  anchor  bolt  holes  In  the  steel,  to  allow  for  drill- 
ing the  hole  in  the  stone. 

Sometimes  anchor  bolts  are  set  in  the  masonry  before 
the  steel  work  is  placed.  In  this  case  the  erection  dia- 
gram or  the  masonry  plan  should  show  the  exact  loca- 
tion of  each  bolt  and  the  amount  each  bolt  projects 
above  the  stone.  Allowance  of  at  least  %  in.  should  be 
made  in  added  diameter  of  the  hole  for  imperfect  location 
of  bolts. 

Beams  and  girders  should  be  detailed  with  a  view  to 
making  their  erection  a  possibility  without  involving 
difficult  and  expensive  operations.  For  example,  girders 
framing  into  the  sides  of  columns,  with  projecting 
flanges,  where  the  girder  comes  between  the  flanges, 
should  be  so  made  that  the  girder  can  be  placed  without 
necessitating  the  twisting  or  leaning  of  the  column. 
Beams  framing  in  the  sides  of  girders  should  be  so 
detailed  that  they  can  be  swung  into  place  without  mov- 
ing the  girder.  The  interference  of  stiffener  angles  is 
often  a  source  of  trouble  in  placing  beams. 

The  draftsman  should  study  methods  of  erection  and 
tain  a  knowledge  of  the  order  in  which  pieces  are  put 
up.  Floorbeams  are  sometimes  set  up  flrst  and  the 
girders  slid  in  from  the  side  or  the  trusses  erected  to 
the  side  of  them.  Often  girders  are  set  up  flrst,  and 
the  floorbeams  must  be  designed  to  be  erected  without 
moving  the  girders.  Or  the  girders  and  floorbeams  may 
bei  brought  into  their  relative  positions  at  the  same 
time.  Portals  and  top  bracing  usually  go  In  after  the 
trusses  are  erected.  They  should  be  designed  to  enter 
under  these  conditions.  Room  must  be  left  around  the 
pin  to  remove  the  pilot  nut  after  driving  and  to  turn  the 
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pin  nut.  .  .    *    i  »   i  A 

In  detailinsr  splices  and  riveted  joints  easd  or  erec- 
tion must  be  kt$pt  in  view.  When  two  spliced  parts  are 
of  the  same  thickness,  it  is  usually  better  to  leave  for 
field  driving  the  rivets  close  to  the  end  of  plece^  so  that 
the  splice  plates  will  not  be  pinched  together  and  pre- 
vent the  enteringr  of  the  other  part.  Where  possible, 
splices  should  be  arranged  so  that  pieces  can  be  brougrht 
together  without  longitudinal  "threading."  For  example, 
a  section  consisting  of  two  angles  and  spliced  with  two 
angles  and  a  cover  plate  could  have  the  cover  plate  field 
riveted,  so  as  to  admit  of  bringing  the  parts  together 
with  lateral  motion  only.  Sometimes  a  top  chord  section 
is  spliced  at  a  gusset  plate,  where  it  is  not  possible  to 
use  tie  plates  on  the  under  side  to  splice  the  bottom 
angles.  In  such  case  small  splice,  plates  should  be  used 
on  the  outstanding  leg  of  the  bottom  angles  to  insure 
their  being  brought  opposite  each  other.  Where  pos- 
sible the  field  rivets  in  a  joint  or  splice  should  be  on 
the  side  of  the  lesser  stress  and  fewer  number  of  rivets, 
so^that  the  more  important  stresses  will  be  taken  care 
of  by  shop  rivets. 

Pieces  should  be  designed  so  as  the  facilitate  handling 
and  shipment.  Large  projecting  wings  and  gusseti 
should  not  be  riveted  on  heavy  members,  if  this  can  be 
avoided.      If   shipment   is    to    be    made    in   a    single    car, 

Sieces  should  be  kept  within  a  length  of  30  to  33  feet, 
enerally  a  width  of  ten  feet  can  be  accommodated  in 
a  fiat  car. 

In  general,  rivets  in  one  flange  of  an  angle  should 
stagger  with  those  in  the  other  flange.  Where  there  are 
two  rows  in  one  flange,  the  rivets  in  the  flange  having 
one  row  may  be  opposite  those  in  the  outer  row  of  the 
other  flange.  In  general,  rivets  should  alternate  in  a 
double  row. 

Beams  as  they  come  from  the  mills  are  liable  to  be 
a  quarter  of  an  inch  too  long  or  too  short.  This  should 
be  taken  into  account  when  detailing.  Clearance,  in 
building  work,  is  generally  left,  so  as  to  avoid  cutting 
the  beam  in  the  shop.  Any  connection  holes  near  the 
ends  should  be  located  with  respect  to  each  other  and 
not  only  with  respect  to  the  ends  of  the  beams.  If  the 
beams  are  to  be  planed  on  the  ends,  or  if  they  are  to  be 
exact  in  length,  this  should  be  stated  on  the*  drawing. 
It  is  not  necessary,  however,  to  state  that  end  connec- 
tion angles  are  to  measure  exact,  as  these  will  be  under- 
stood to  be  exact,  and  no  note  is  called  for. 

When  members  pack  on  a  pin  with  little  clearance, 
the  minimum  or  maximum  distance  between  jaws  should 
be  stated,  so  that  in  the  shops  these  distances  will  not 
be  exceeded. 

It  is  usually  understood  that  all  columns  are  planed 
or  milled  on  the  ends,  but  to  avoid  uncertainty  the  draw- 
ing should  always  indicate  where  ends  of  columns  or  of 
other  compression  members  are  milled.  The  bottom  edges 
of  the  webs  of  shoes  should  be  planed,  and  the  draw* 
ing  should  show  the  same  clearly. 

In  ordering  material  ^,  in.  or  more  is  allowed  on  the 
end  of  a  piece  to  be  planed.  Crimped  stifPeners  are 
usually  ordered  a  length  equal  to  the  depth  back  to  back 
of  girder  angles,  if  crimped  only  over  the  angles.  If 
the  specifications  require  that  sheared  plates  be  planed 
on  the  edges,  the  plates  must  be  ordered  an  extra  width 
to  allow  for  this. 
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The  limits  of  sizes  of  plates  and  sheets  of  steel  may 
be  found  in  the  Carnegrie  Pocket  Companion  or  in  the 
author's  book  of  Tables,  pages  39  and  40.  The  limiting 
lenerths  of  shapes  roiled  is  determined,  in  the  case  ox 
light  sections  by  the  convenience  of  handling  or  the 
ability  of  the  mills  to  turn  out  pieces  straight  and  free 
from  twist.  The  limiting  lengths  of  heavy  sections  may 
be  determined  by  the  weight  of  an  ingot.  Ordinarily 
8-in.  and  4-in.  beams  and  cannels,  all  tees,  and  angles 
8  In.  z  2H  in*  and  smaller  can  be  rolled  in  'lengths  of 
60  ft  Angles  3  in.  z  3  in.  to  7  in.  z  3^  in.  inclusive 
can  be  rolled  to  lengths  of  60  ft  to  70  ft  All  other 
shapes  3  in.  and  over  can  be  rolled  to  lengths  of  65  ft 
Lengths  greater  than  these  can  be  obtained  by  special 
arrangement  with  the  mills.  As  an  example  of  what 
can  be  purchased,  it  is  possible  to  obtain  8  in.  x  8  in.  z 
%  in.  angles  up  to  about  105  ft  in  length. 

When  a  closed  section  Is  used  for  a  column,  the  rivets 
holding  on  the  brackets  for  beams  and  girders  should 
be  made  accessible  for  cutting  out  and  replacing  after 
the  column  is  finished,  wherever  this  is  possible.  Some- 
times loose  rivets  of  great  importance  are  detected  in 
positions  where  it  is  impossible  to  replace  them.  This 
should  be  borne  in  mind  by  the  draftsman  or  designer, 
and  where  it  is  necessary  to  place  rivets  supporting 
heavy  loads  in  positions  where  they  cannot  be  replaced 
in  case  loose  ones  are  found,  an  additional  number  of 
rivets  should  be  used  to  cover  this  contingency. 

On  the  drawing  all  rivets  look  alike:  every  shop  rivet 
appears  to  have  the  same  value,  and  all  seem  to  be  entitled 
to  the  greater  strength,  as  compared  with  filed  rivets,  that 
is  allowed  them  by  the  specifications.  It  is  not  often 
appreciated  in  the  drawing  room  that  very  many  of 
the  rivets  shown  as  shop  rivets  are  hand  driven  and 
not  power  driven  and  therefore  of  little  if  any  more 
value  than  rivets  driven  in  the  field.  This  is  especially 
true  of  rivets  in  connections  by  reason  of  the  fact 
that  these  are  odd,  or  because  the  fittings  are  put  on 
after  the  main  parts  of  the  member  have  been  machine 
riveted.  In  a  column  or  girder  it  is  common  to  rivet  the 
parts  together  with  the  power  riveters  and  then  lay  the 
piece  aside  for  the  fittings  to  be  put  on.  The  difficulty 
of  handling  the  piece  again  to  drive  the  rivets  in  the 
connections  may  outweigh  the  extra  cost  of  driving  hand 
rivets.  Too  much  dependence  should  therefore  not  be 
placed  upon  what  are  intended  to  be  shop,  or  power- 
driven,  rivets. 

In  spacing  rivets  in  girders  care  should  be  taken  not 
to  place  any  where  the  outstanding  legs  of  stiffener  angles 
come.  Countersinking  of  such  rivets  adds  to  the  shop 
expense  and  is  rendered  very  difficult  because  of  the 
fact  that  stlffener  angles  are  usually  put  in  before  cover 
plates  are  riveted  on. 

When  any  shop  work  differs  from  general  practice, 
it  should  be  noted  on  the  drawing.  This  applies  to 
planing  of  the  edges  of  sheared  plates,  close  joints  at 
nips  of  trusses,  etc.  Wherever  any  reaming  is  to  be 
done,  a  clear  note  should  be  given  on  the  drawing  stating 
the  size  of  punched  hole  and  just  which  holes  are  to  be 
reamed. 

Lateral  plates  in  girder  spans  sould  be  notched  out 
for  stlffener  angles;  the  stlffener  angles  should  not  bear 
against  the  lateral  plates  but  against  the  fiange  angle 
of  girder. 
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In  ordering  material  %  inch  should  be  allowed  for 
each  milled  end  in  small  pieces  and  ^  inch  ir  large 
pieces  or  plates.  In  ordering  multiple  lengths  to  Be 
sheared,  %  inch  should  be  added  for  each  cut.  Order 
lattice  bars  in  length  from  14  ft.  to  22  ft.  allowing  3  in. 
to  3%  in.  c.  to  c.  of  rivet  holes  at  cut.  Material  for  cotter 
pins  should  be  M  in.  larger  In  diameter  than  the  size 
of  pin,  so  that  the  head  will  have  this  larger  diameter 
when  the  i>in  is  turned.  Use  %  in.  diameter  cotters  in 
6/16  inch  hole  for  2-in.  pins  and  under;  and  %  in.  cotter 
in  7/16  in.  hole  for  larger  pins. 

When  bolts  connecting  steel  work  are  subject  to 
shear,  they  should  be  in  drilled  or  reamed  holes,  to  be  of 
equal  strength  with  rivets.  In  any  event  bolts  should 
be  provided  with  punched  steel  washers  about  %  in. 
thick,  and  the  length  of  screw  should  be  the  thickness 
of  nut  plus  %  in.  plus  one-half  the  thickness  of  washer. 
For  %-in.  bolts  the  washers  are  1%  in.  in  diameter;  for 
%-in.  bolts,  1%  in.;  and  for  %-in.  bolts,  2  in. 

Bolts  through  wood  work  should  be  provided  with 
cast  iron  ogee  washers  under  head.  For  %-in.  bolts 
these  are  2%  in.  in  diameter;  for  %-in.  bolts,  3%  in.; 
an.d  for  %-in.  bolts,  3%  in. 
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CHAPTER  IV. 
Some  Notes  on  Detail  Designing. 

Many  deslgrns  that  are  carefully  proportioned  In  their 
main  sections  are  detailed  with  cfuch  lack  of  care  and 
judgment  that  the  strength  of  the  structure  is  very 
much  less  than  its  apparent  strength  as  shown  by  the 
strain  sheet.  It  is  the  purpose  here  to  take  up  the  many 
details  that  do  not  come  under  the  head  of  end  details 
of  tension  or  compression  memCers  and  to  show  how 
they  should  and  should  not  be  made. 

Bearlns  Plates — When  a  beam  or  girder  has  not  width 
enough  in  the  flange  to  give  sufficient  bearing  area  on 
the  supporting  wall  or  pier  a  bearing  plate  may  be  riv- 
eted on.  The  size  of  this  plate  will  be  determined  by 
the  reaction.  If»  for  example,  the  specifications  allow 
250  lbs.  per  sq.  in.  bearing  on  the  masonry,  and  a  20-in. 
beam  has  a  reaction  of  50000  lbs.,  this  beam  would  require 
200  sq.  in.  of  bearing  plate.  This  could  be  a  15-in.  by 
14-in.  plate.  If  the  14-in.  dimension  be  placed  crosswise 
of  the  beam,  the  plate  will  project  3%  in.  beyond  the 
beam  flange  dn  each  side.  The  thickness  of  plate  is 
determined  by  the  amount  of  this  projection.  The  up- 
ward load  on  the  plate  of  250  lbs.  per  sq.  in.  gives  the 
stresses  of  a  cantilever  supported  at  the  edge  of  flange. 
If  we  assume  a  unit  stress  of  12000  lbs.  per  sq.  in.  in 
the  plate,  and  a  thickness  of  t  inches,  the  equation  for 
the  bending  moment  on  a  strip  of  the  plate  one  inch 
wide,  p  being  the  projection  of  the  plate  in  inches  is 
250  xpx  %p  =  12000xlxt>xl/6 
or  p  =  4  t 

The  left  side  of  the  first  equation  is  the  bending  mo- 
ment on  the  strip,  and  the  right  side  is  the  resisting 
moment  of  the  same  at  12000  lbs.  per  sq.  in. 

The  projection  of  the  plate  should  then  be  not  over 
four  times  its  thickness.  In  this  case  a  %-ln.  plate 
would    be    required. 

If  the  unit  were  400  lbs.  on  the  masonry,  the  pro- 
jection of  the  plate  should  not  exceed  3.2  times  the  thick- 
ness of  plate.  This  feature  of  the  design  of  bearing 
plates  is  very  often  neglected.  The  plate,  if  of  steel, 
should  have  a  thickness  1/3  to  %  of  the  projection 
beyond  the  flange  of  beam  or  girder  or  beyond  the  next 
plate    above. 
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The  thickness  t'  at  (a)  and  (b).  Fig.  1,  should  b6 
even  more  in  proportion  to  p'  than  the  ratio  of  t  to  p, 
as  the  rivets  through  flange  and  base  plate  do  not  unite 
these  as  one  piece  to  take  the  horizontal  shear.  Stif- 
feners  in  built  girders,  however,  relieve  the  flanges  of  a 
large  part  of  the  bending,  and  this  requirement  need  not 
be  met  in  the  case  shown  at  (b),  if  there  are  stiffeners 
used.  In  rolled  beams  stiffener  angles  are  seldom  used. 
They  are,  furthermore,  difficult  to  fit  against  the  flangres. 

If  a  cast  iron  plate  is  used,  as  at  (c),  Fig.  1,  the 
thickness,  at  250  lbs.  pressure  on  masonry  and  3000  lbs. 
on   the   iron,   should   be   one-half  of   the   projection. 

RalBlnar  Pieces — It  is  desirable  sometimes  to  raise 
the  elevation  of  the  seat  for  a  girder  or  other  part  of 
a  structure.  This  may  be  done  to  save  masonry  by 
using  a  raising  block  instead  of  building  up  the  masonry 
to  a  higher  elevation;  or  to  allow  riveting  of  bracing 
that  would  otherwise  come  too  close  to  the  masonry; 
or,  where  piers  are  finished  to  a  certain  elevation,  to 
make  the  fixed  shoe  and  roller  shoe  alike,  the  raising:  piece 
taking  the  place  of  rollers  in  the  former;  or,  where 
girders  are  on  a  grade  or  tilted  for  curve,  to  give  a  hori- 
zontal support,   the   raising  pieces  being  beveled. 

Raising  pieces  may  be  steel  plates  riveted  or  bolted 
to  the  girder:  they  may  be  cast  Iron  plates  bolted   on    or 

grovlded  with  holes  for  anchor  bolts  and  held  in    place 
y  these  bolts:  they  may  be  cast  iron  or  cast  steel  bloclcs 
solid  or  cellular:  they  may  be  made  up  of  rails  or  beams'. 
When  they  are  of  large  size,  they  are  sometimes  called 
bolsters. 

When  a  beveled  plate  is  more  than  about  1^  in. 
thick,  it  is  usually  cast  in  iron  or  steel. 
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Fig.   2  shows  a 
for  raising  blocks. 


style  of  cellular  casting  often  used 
This  should  have  a  steel  plate  top 
and  bottom,  the  lower  one  for  contact  with  the  masonry, 
as  the  webs  would  cut  into  the  stone.  Fig.  3  shows  an- 
other way  to  lighten  up  the  casting,  namely,  by  cored 
holes  runnning  through  it  horizontally.  This  block  nia.y 
rest  on  the   masonry  or  on  a  steel  plate.     In  the  latter 
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^diie  it  should  be  planed  on  the  under  side.  Sometimet, 
flklso.  cast  bolsters  are  planed  on  the  under  side  when 
reBiing  on  masonry;  this  should  be  done  when  the  bolster 
is  not  placed  In  a  bed  of  grrout.  If  grouted  when  placed, 
it  is  perhaps  better  not  to  plane  the  castlner.  as  the 
rougrh  surface  will  give  better  adhesion.  The  bolster 
shown  In  Tig,  3  may  be  made  of  cast  steel  and  used  for 
the  support  of  rollers;  the  angles  shown  are  roller 
S'uides.  Figs.  4  and  6  show  built-up  bolsters.  These 
may  also  be  used  to  spread  the  load  In  the  direction  of 
the  beams  or  rails. 

Sometimes  raising  pieces  are  built  up  of  steel  flats 
3  or  4  inches  wide.  A  layer  of  these  is  placed  in  one 
direction  with  open  spaces  of  3  or  4  inches.  Then  another 
layer  is  placed  on  these  transversely.  The  bars  are  riv- 
eted together  and  to  a  top  and  bottom  plate  by  rivets  at 
the  Intersections  of  bars. 
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Lead  Flliers — Sometimes  sheet  lead  about  %  inch 
thick  is  used  as  a  filler  between  a  shoe  and  the  masonry. 
This  is  to  form  a  cushion  or  equalizer  to  distribute  the 
pressure. 

Shoe* — When  it  becomes  necessary  to  give  a  larger 
spread  to  a  load  than  could  be  given  by  a  simple  bearing 
plate,  a  shoe  is  employed.  In  the  shoes,  ribs  and  webs 
are  used  to  distribute  the  load. 

Fig.  6  shows  a  simple  built  shoe  for  a  truss  or  girder. 
Usually  a  separate  masonry  plate  is  placed  under  truss 
shoes,  of  the  same  size  as,  or  somewhat  larger  than, 
the  bottom  plate  of  the  shoe.  The  area  of  plate  iti  con- 
tact with  the  masonry  is  found  by  dividing  the  maxi- 
mum load  by  the  allowed  unit  pressure  on  the  masonry. 
The  thickness  of  the  base  plate  and  the  thickness  of 
angles  is  determined  by  the  amount  of  projection,  as 
in  the  case  of  bearing  plates. 

The  thickness  of  metal  in  a  bearing  plate  between 
two  ribs  or  webs  would  be  found  from  the  bending 
stresses  due  to  the  upward  load.  If  the  plate  be  con- 
sidered as  a  continuous  or  fixed-ended  beam  and  an  up- 
ward unit  pressure  of  260  lbs.  be  assumed,  using  12000 
and  8000  as  units  on  steel  and  cast  iron  respectively,  we 
will  find  that  in  steel  bases  the  distance  between  ribs 
or  webs  should  be  about  ten  times  the  thickness  and  in 
cast  iron  it  should  be  about  five  times  the  thickness  of 
the  plate.  It  is  well  to  keep  the  thickness  of  plate 
well  above  these  limits.  Since  there  is  no  chance  for  de- 
flection of  the  plate  to  attain  the  calculated  stresses.  A 
good  rule  for  cast  iron  bases  is  to  make  the  thickness 
of  plate  not  less  than  one-fourth  of  the  clear  distance 
between  webs  and  that  of  cast  or  built  steel  plates  not 
less  than  one-eighth  of  the  clear  distance  between  webs. 
Where  angles  are  used,  this  latter  can  be  taken  as  the 
clear  distance  between  vertical  legs  of  angles. 

Fig.  7  shows  a  much  used  style  of  shoe  for  truss  spans. 
The  webs  of  the  inclined  end  post  of  truss  are  spaced  about 
the  same  distance  apart  as  the  webs  of  the  shoe,  and  the 
end  post  has  outside  Jaw  plates.  The  cover  plate  on  the 
shoe  serves  to  stiffen  the  two  webs  together  against 
swaying  by  lateral  forces. 

Fig.  8  shows  a  cast  steel  shoe  for  a  girder.  This 
serves  as  a  raising  block  and  shoe.  The  two  bolt  holes 
are  for  anchor  bolts  into  the  masonry.  If  made  of  cast 
iron  this  shoe  should  be  of  about  1^-in.  metal. 

Fig.  9  shows  a  cast  iron  shoe  made  for  a  75-ft.  girder 
span.  The  smaller  holes  are  for  bolting  to  the  girder 
and  the  larger  ones  are  for  anchor  bolts.  The  other 
holes  are,  of  course,  core  holes  made  to  allow  removal 
of   the   sand. 

When  a  cast  shoe,  such  as  those  in  Figs.  8,  9,  or  10, 
is  to  rest  on  a  masonry  plate  or  on  dressed  stone,  it 
should  be  planed  on  the  bottom.  If  provision  is  made 
for  placing  the  shoe  in  a  bed  of  cement  mortar  or  grout, 
it  may  be  left  rough  on  the  bottom.  Of  course  if  the 
shoe  rests  on  rollers,  it  must  be  planed  on  the  bottom. 

Built  steel   shoes   generally  have   the      bottom   plates 

glaned  at  the  sliding  end  of  bridge.     They  should  always 
e  planed  in  roller  shoes.     In  fixed  shoes  the  base  plate 
is  seldom  planed. 

Fig.  10  shows  a  cast  iron  raising  block,  or  shoe,  or 
bolster  designed  for  a  100  ft.  lattice  girder  span  for  rail- 
road work.  The  built  shoe  in  Fig.  13  and  the  segmental 
rollers  in  Fig.  15  are  for  the  same  bridge. 
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Pig.  11  ahows  a  cast  base  for  a  building;  column. 
The  holes  In  the  top  plate  are  'or  bolts  In  the  column. 
The  holes  In  the  bottom  plate  are  for  pouring  in  grout 

t lacing   the   base. 
Ik.  i:  Is  a  cast  base  designed  for  a  building  in  San 
Francisco.     The    base    was    bolted    down    to    grillage    in 
"ig  foundation. 

Note  the  method  of  Btlftening  the  higb    webB  In  Flga. 


>nd  14. 

:n   d(- 

column.     

BUltable  for  columnt 
T  the  colun^n  had  a 
tltion  in  the  cast  bai 
at  the  same.  This  i 
'   "        cast    base    Inl 


tbing  supported.  " 
Cast  steel  shoe 


■    columni 


the    netal    of 


bases  shown  in  Pigs. 

of  approximately  square 
intra!  web,  there  should  b 
under  this  web  to  take 


I    load    carrying    parts    < 

J  BometlmeB  used  for  the  support 
,  of  coure.  require  Htiffening  ribs 
ure  on  the  bearing  plate.     Where 


should   Be  croBB  rlhs  or  weba  from  web  to  weh  to  take 
me   thrust   uC  tHu   uutaide   rlbe. 

Rollcra— Hollers  are  used  under  ahoeg  when  the 
la  too  great  to  depend  upon  the  sliding  of  the  shoi 
the  masonry  plate  due  to  the  expansion  of  the  strucl. 
By  a  common  theory  the  preaaure  allowed  per  lineal 
Incb  on  a  roller  varlea  as  the  square  root  of  the  diameter. 
This  theory  la  dlscccdlted,  becauae  It  dlscoura^ea  the 
uae  o(  large  rollers;  Inaamuch  as  an  Increase  of  three 
hundred  per  cent.  In  diameter  only  doubles  the  capacity, 
etc.  A  better  formula  Is  one  that  allows  load  in  ~~ 
portion  to  the  diameter,  as  SOOd  per  lineal  Inch,  t 
d  is  the  diameter  of  roller.  Small  rollerx  hf»  n 
tlonable,    '  ...... 


i'*,  'in'countliig'the  lineal'lnches  orroflor"  eilectlVe 
pportlnB  the  load  only  the  part  of  the  roller  "  ' 
full  diameter  can  be  Included.  It  Is  a  very  c 
error  to  count  the  entire  length  of  roller, 
metlmes  the  masonry  or  base  plate  has  straps  t 
nches  wide  riveted  on  It  spaced  2  or  S  inches  apart, 
he   rollers  rest   on   theae.     This  Is   not   good   design. 


I  who  use  It  to  count  tbe 
IE.  Only  the  actual  lenBtli 
led  plate  a'      ' "  ' 


t  ought  to  be 
)  plate. 


fx; 


ng.is. 


The  actual  movement  of  a  neat  o(  rollers  undw 
expansion  and  contraction  tor  ordinary  spans  Is  smalL 
This,  coupled  with  the  deairability  of  ualne  large 
sized  rollers  and  of  confining  the  same  to  as  small  a 
space  as  possible,  has  given  rise  to  the  use  of  segmen- 
tal rollers.  By  using  large  sized  rollers  and  cutting 
off  a  part  of   the   sides   the   rollers   can   be   brought   to- 

Kther  and  made  to  occupy  no  larger  apace  than  would 
required  for  rollers  of  much  smaller  diameter.  Fig. 
IE  shows  an  excellent  design  for  a  nest  of  segmental 
rollers.  The  wide  guide  plate  serves  as  a  stop  to  pra- 
vent  tbe  rollers  from  moving  too  (ar,  at  least  to  th« 
extent  of  the  shearing  strength  of  the  pina  In  the  ends 
of  rollers,  as  the  pins  can  only  move  to  the  ends  of  the 
Blots.     This    guide    plate    also    Indicates    to    the    erector 
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when    tfas    roll  era    stand    vertlcatly,    as    they    should.    If 

Segmental  rollers  may  be  toreei  out  of'  steel  billets. 
m  they  may  be  ca.st  In  steel.  In  either  case  allowance 
BbDUld  lie  made  of  U  to  U  Inch  for  planlnf  the  sides 
&nd  ends  and  for  turning  the  cylindrical  aurtace. 

Eometlmea  the  middle  roller  Vt  a  neat  of  Bosmental 
rollera  will  have  spurs  or  gears  to  engage  holes  In  the 
base  plate  and  in  the  shoe,  ihese  prevent  the  rollers 
tTom  BhlftlnK.  The  cogs  may  be  approilmately  squBre, 
one  at  each  end  of  the  upper  and  the  lower  surface  of 
the  roller.      (See  Chapter  XXX.  Drawing  B6,  for  example.) 

Sometimes  where  large  round  rollers  are  used,  one 
or  more  rollers  will  have  holes  bored  through  them 
venlcally;  these  enKage  round-ended  studs  In  shoe  and 
base  plate.  This  Is  also  done  to  keep  the  rollers  from 
ihlfUng. 

Rollera  are  usually  symmetrical,  but  a  case  where 
ttaey  may  be  made  unHymmetrlcal  Is  that  of  a  shoe  that 

Here  the  rollers  may  eitend  under  the  end  floorbeani 
baTlng  an  excess  length  Bufflclent  to  carry  the  reaction 
of  that  beam.  The  total  length  of  rollera  outside  of  the 
center   line   of   shoe   should   be   enough   to   take   half   of 

DlaphriismB — Diaphragms  are  uaed  to  equalize  Btreases 
or  reactions.  When  a  load  la  applied  on  one  side  of  a 
truaa  member,  a  diaphragm  may  be  used  to  carry  half 
of  thlH  load  to  the  other  side  of  the  member,  A  very 
common  uae  of  diaphragms  Is  in  vertical  posts  ot  trusses 
where  the  tloorbeam  connects  to  one  side  ot  the  posts. 
The  diaphragm  consists  ot  a  web  plate  and  tour  angles. 
This  web  Is  In  the  plane  of  the  web  ot  the  Aoorbeam. 
The  angles  connect  to  the  webs  of  the  channels  of  the 
tniBB  noBt.  The  diaphragm  must  have  rivets  enough  to 
Hlf  of  the  noorbeam  load  to  the  outside  channel 
truss  post,  Inasmuch  as  this  load  must  be  distri- 
buted between  the  two  parts  of  the  truss  post.  There 
1b  In  reality  some  tension  on  the  rivets  in  a  diaphragm 
carrying  shear  from  one  side  of  a  member  to  the  other; 
but  the  diaphragm  is  usually  high  and  narrow,  and  the 
tension  is  small.  In  short  and  wide  diaphragms  it  may 
be  neoesBary    to    provide    for    this    tension. 

Diaphragms  may  also  be  used  to  improve  the  detail 
M  the  foot  of  a  knee  brace  or  In  an  end  post  (or  the 
portal  connection.  When  &  portal  strut  or  a  brace  oon- 
neclB  to  the  middle  of  the  web  of  a  channel  in  a  box- 
shaped  member,  the  detail  Is  more  than  doubled  In  ef- 
dlaphragm    is    added    (  -"  ■- 


arry   half 
r  the  trui 


Pig.  16  shows  an  example  of  a  diaphragm  in  a  truss 
vertical.  This  figure  also  sliows  an  approved  method  of 
connecting  the  laterals  of  a  truss  span  to  the  fioorbeam 
and  the  vertical.  If  the  laterals  are  in  tension  only, 
the  component  «  acts  at  the  foot  of  the  truss  post:  if 
they  are  in  tension  and  compression,  the  component  f 
is  taken. 

Details  to  Take  Lonsltadlnal  Componenta — ^Designers 
very  often  neglect  to  provide  a  proper  detail  to  take 
the  component  of  stress  given  by  web  members  into 
the  chord  of  a  truss.  This  is  especially  true  of  lateral 
systems.  The  case  referred  to  in  the  last  paragraph 
illustrates  the  point.  The  components  a  and  f  of  Fig. 
16  are  forces  at  the  foot  of  the  truss  post.  There  must 
be  rivets  enough  to  take  this  longitudinal  force  and  the 
channels  of  the  post  must  be  capable  of  withstanding 
the  bending  moment  at  the  pin.  In  a  riveted  truss  this 
longitudinal  component  must  be  taken  by  the  rivets 
connecting  the  gusset  to  chord.  In  a  pin  connected  truss 
the  pin  in  the  chord  bears  longitudinally  on  the  web 
of  the  chord.  If  this  component  of  the  web  stress  is  of 
sufficient  magnitude,  bearing  plates  will  be  needed  to 
supplement  the  bearing  area  of  the  web,  and  rivets  enough 
in  these  to  take  the  share  of  bearing  which  they  receive. 
The  amount  of  the  longitudinal  component  is  not  the 
difference  between  the  maximum  chord  stresses  in  the 
aujacent  panels  but  the  difference  between  these  chord 
stresses  when  the  diagonal  is  stressed  the  greatest. 

In  riveted  trusses  laterals  should  generally  be  con- 
nected to  the  trusses  as  well  as  the  floorbeams.  The 
end  connection  of  the  floorbeam  should  not  be  stressed 
by  the  forces  of  the  lateral  system,  either  in  taking 
the  components  longitudinally  or  transversely  with  the 
bridge  axis. 

When  the  floor  system  and  the  lateral  system  are 
located  between  the  upper  and  lower  chord  of  a  bridge, 
the  longitudinal  forces  of  the  lateral  system,  in  the 
absence  of  special  braces,  must  be  considered  as  causing 
bending  stresses  in  the  vertical  posts  of  the  truss. 

Bent  Plates — Unless  a  bent  plate  is  of  very  thick 
metal,  it  should  be  used  only  to  take  shear.  Direct 
stress  on  a  bent  plate  will  increase  or  decrease  the 
bend,  according  as  it  is  compression  or  tension.  A  strut 
and  a  tension  diagonal  may  be  connected  to  a  post  not 
in  the  same  plane  by  means  of  a  bent  plate  when  only 
a  longitudinal  stress  is  transferred  into  the  post,  as 
the  bent  plate  in  such  case  takes  shear  only;  the  strut 
and  diagonal  must  be  connected  to  the  same  bent  plate 
and  not  to  separate  plates.  A  bent  cover  plate  is  needed 
over  the  Joint  between  an  inclined  end  post  and  the 
top  chord,  if  the  portal  does  not  connect  to  the  top 
chord;  this  is  to  take  the  shear  of  the  top  lateral  system 
into  the  end  post  and  the  portal. 

Sometimes  heavy  members  are  spliced,  where  joints 
break,  by  bent  plates  with  a  large  number  of  rivets. 
This  is  waste  metal  to  a  great  extent.  The  splices 
should  be  in  the  webs,  the  parts  that  are  in  the  same 
plane.  Bent  plates  should  be  used  only  for  covers  and, 
where  necessary,  for  shear. 

In  an  article  in  Enarlneerlne  News,  April  11,  1907, 
the  author  called  attention,  by  citing  examples,  to  many 
errors  in  detail  designing.  Some  of  these  are  typical 
and  represent  classes  lof  errors  that  are  only  too  com- 
mon.    Many  of  them  are  the  work  of  eminent  designers. 
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The  characterization  of  the  details  haa  not  been  chal- 
lenged. They  are  recapitulated  here  In  caSGB  12  to  IT 
ot  the  following. 

Case  1.  Fig.  17.  Thla  1b  the  end  view  of  a  truss  shoe. 
In  place  of  a  cast  hlock  or  built-up  plates  to  act  as  a 
raising  piece,  angles  were  riveted  on  the  base  plate 
as  shown,  planed  off  at  a  height  of  3  In.  A  small  lateral 
force  on  the  bridge  would  bend  theae  angles  over  and 
allow  the  bridge  to  drop  several  inches. 

Case  2.  Fig.  18.  tn  this  case  the  lateral  angle  In 
th«  end  panel  of  a  bridge  waa  attached,  as  shown,  to 
the  bottom  chord  angles  with  no  means  of  carrying  the 
shear  to  the  shoe.  The  shear  and  bending  moment  In 
the  chord  angles  at  the  section  XX  would  be  exceaslve. 
The  lateral  plate  should  be  connected  by  angles  or  plates 
to    the    shoe. 

Case  3.  Fig.  13.  Here  the  two  laterals  in  adjacent 
panels  of  a  truss  span  are  attached  to  the  bottom  flange 
of  the  Doorbeam.  but  there  is  no  provision  tor  taking  the 
thrust  F  Into  the  chords  of  the  truss.  There  la  ezces- 
alve  shear  and   bending  In  the  section  YY. 


Fig.  19. 
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la  In  the  end  i 
beams,  xtus  enective  depth  of  the  c 
only  half  the  deptb  o(  the  12-ln.  t 
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oti lever  1b  then 
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Bctlona  to  take  the  compreEBlon. 
Caae  G.  Fig.  21.  Tbla  ahows  a  apllce  ol  a  truis 
chord  through  the  medium  of  the  gusset  plate  only.  In 
aome  examples  It  Is  evident  that  the  entire  guaaet  pUCS 
la  counted  upon  Co  take  Che  chord  atreas.  x'  '  ' 
bad  practice.     There  should  be  cover  plates. 

Btreaa  at  the  edse  of  Che  guaaeC  plate  will  C< 

it,  In  oCher  words,  there  will  be  eccentric  streases  aad 
high  exCreme  llbre  aCresa.  It  would  be  legitimate  t 
use.  In  conjunction  with  cover  plaCea  Che  part  of  tba 
guaaet  plate  between  Che  chord  angle  (I.  e.,  t  In.  of  C^~ 
Plata  lor  6-ln.  angles,   etc) 


Case  t.     PlK.  a.     This 
it  C.aup    B.    namely,    n    rho 


top  flange   stresB  Is  well   t 


I  am  pie  ot  the  reTersA 
ompreaalon  spliced  by 
„      ..   _  .         lere    a    gusset    plate    %    In,    thick    Is 

tnade  to  splice  two  Si6x^  angtes.  The  relative  ares, 
li  about  one  to  five.  This  apUce  could  be  made  good 
by  adding  outilde  plates  as  Indicated  In  dotted  iTnea, 
but  not  by  use  of  bent  anglea  or  bent  plates.  The  plates 
iroQld  have  fillers,  and  the  vertical  member  would  b« 
Ihortened. 

Case  T,  Fig.  It.  This  refers  to  the  beam  connection 
ihown  at  A.  Comment  Is  scarcely  needed.  This  Is  an 
extreme  case  of  eccentric  loading. 

Case  8.  Fig.  S3.  This  shows  a  right  and  a,  wrong 
way  to  make  a  lateral  detail.  At  (a)  the  component  « 
of  the  lateral  stress  Is  not  taken  care  of.  At  (b)  this 
eompoDent  Is  takeo  by  the  angle  connecting  to  the 
*ab  of  girder. 

Case  9.  Fig.  S4.  This  is  a  sidewalk  bracket  shown 
tn   B.   rcifBnt    <nniin    nt    an    engineering    publication.     The 

taken   care   of,   but   the   detail 

_. of   the  Inclined  bottom  chord   Is  inadequate. 

Tbe  bend  In  the  angles  la  bad,  and  the  small  shelf  angle 
U  ot  little  use.  There  are  not  rivets  enough  In  the 
Mlghborhood  of  the  foot  of  this  brace  to  take  the  stress 
properly  Into  the  angles  of  the  tloorbeam.  Good  side- 
walk bracket  details  are^rare,  but  It  Is  usually  the  top 

:    bracing 
any  considerable  Btreaa  In  the  rods  the  b 


Fig,Z7 
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tend    to    Btralgrhten    out.     Also    the    zee    bars    would  b* 
bent. 

Case  11.  Figs.  26,  27,  28.  These  show  good  and  bad 
examples  of  expansion  details  for  beams  and  girders. 
Beams  and  girders  are  sometimes  supported  at  expan- 
sion ends  by  lugs  with  horizontal  slotted  holes  as  at 
(a).  Figs.  26  and  28.  This  Is  very  poor  design.  They 
should  slide  on  a  shelf  and  the  lugs,  if  any  are  used, 
should  act  merely  as  guides.  Sometimes  there  is  not 
room  below  a  beam  or  girder  for  a  bracket  riveted  to 
the  supporting  beam  or  girder  in  the  ordinary  way,  as  in 
Figs.  26  and  28.  For  light  work  an  angle  turned  as  at 
(b).  Fig.  26,  may  be  used.  Heavy  girders  often  have  a 
U-shaped  plate  and  a  cast  block  fitting  into  the  same, 
as  at  (b),  Fig.  28.  The  example  shown  at  (a),  Fig.  27. 
is  of  stringers  resting  on  an  unstiffened  girder  or  noor- 
beam.  Either  stringer,  when  it  alone  is  loaded,  will 
throw  an  eccentric  or  unbalanced  load  on  the  floorbeam. 
This  would  not  be  the  case  where  there  is  no  expansion, 
as  the  two  stringers  would  be  riveted  together  by  the 
side  plates  and  act  together  on  the  floorbeam,  whether 
one  or  both  were  loaded.  The  gusset  brace  added  at 
(b)  stiffens  the  floorbeam  against  this  eccentric  load. 

Case  12.  Some  eye-bars  of  a  bridge  were  bent  out 
of  line  an  inch,  as  shown  in  Fig.  29,  at  (a).  This  may 
have  been  done  to  shorten  bars  bored  too  long.  It  wiU 
be  seen  by  calculation  that  the  extreme  fiber  stress  due 
to  bending  alone  is  double  the  direct  unit  stress,  making 
the  total  unit  stress  three  times  that  intended. 

Case  13.  Some  loops  were  made  of  flats  as  at  (b), 
Fig.  29.  These  are  of  steel  and  welded  on  the  narrow  " 
edge.  On  some  bridges  examined  all  of  the  flat  bars 
had  loops  made  of  a  separate  piece,  brought  around  and 
welded  together  and  then  butt-welded  to  the  bar.  It 
is  the  practice  in  some  quarters  to  make  bars  in  this 
dangerous  fashion. 

Cane  14.  A  lateral  connection  on  the  side  of  a  floor- 
beam  was  made  as  per  sketch  in  Fig.  30.  As  seen,  be- 
sides giving  tension  on  rivets,  which  might  be  allowed 
In  a  proper  detail,  the  fiber  stress  on  the  connection 
angle  is  60000  lbs.  per  sq.  in. 
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Case  15.  This  faulty  detail  is  shown  In  Fig.  dl.  It 
is  a  very  common  detail  in  old  highway  bridge  worlc  and 
is  used  frequently  in  new  work.  The  laterals  of  a  truss 
span  are  attached  to  the  web  of  a  swinging  tioorbeam, 
and  there  is  nothing  to  prevent  the  Hoorbeam  from 
swinging  if  the  laterals  are  stressed.  The  wooden  floor 
is  about  all  that  saves  such  structures  from  collapse. 
A  supposed  improvement  is  sometimes  found,  where  the 
vertical  eye-bars  have  square-ended  heads.  This,  how- 
ever, offers  but  small  resistance  as  a  bending  stress  is 
then  put  in  the  eye-bars.  The  same  may  be  said  q,f 
light  suspenders  made  of  angles.  The  bendine  stresses 
in  these,  calculated  from  the  wind  load  applied  below 
the  chord,  is  sometimes  very  great.  The  sketch  at  (c) 
is  a  variation  of  the  same  error.  Here  building  struts 
are  made  of  small  I-beams.  These  are  uneconomical 
as  struts,  when  not  braced  at  intermediate  points,  on 
account  of  the  small  lateral  stiffness.  The  beam  struts 
in  this  case  had  no  other  end  connection  than  the  rivets 
in  the  bottom  flange. 

Case  16.  This  concerns  crimped  stiff eners.  Crimped 
stiffeners  are  good  when  their  oftice  is  merely  to  stiffen 
the  web  plate,  but  the  stiffeners  shown  at  (a).  Fig.  32, 
must  act  as  a  column  to  take  the  full  reaction  of  the 
girder.  A  crimped  stiffener  is  a  column  already  par- 
tially crippled  by  buckling.  If  a  column  in  place  had 
taken  this  shape  due  to  heat,  it  would  be  declared  use- 
less. Compression  must  travel  in  straight  lines,  or, 
if  compelled  to  change  its  direction,  secondary  stresses 
are  the  result.  The  crimping  is  a  process  of  local  forg- 
ing that  is  never  followed  by  annealing  to  restore  un- 
iformity in  the  steel;  this  is  another  element  of  weakness 
and  uncertainty  in  crimped  stiffeners.  Furthermore,  it 
is  more  difficult  to  make  a  neat  fit  against  the  flange 
angles  on  the  end  of  a  forged  angle  than  on  the  end 
of  a  straight  angle.  End  stiffeners  and  others  taking 
concentrated  loads  should  be  straight  and  have  fillers 
under  them  of  the  thickness  of  the  flange  angles. 

The  sketch  at  (a),  Fig.  82,  is  further  at  fault  for 
reasons  given  under  Case  17. 

Case  17.  It  is  a  very  common  thing  to  see  stiffener 
angles  placed  as  at  (b).  Fig.  32,  with  the  outstanding 
legs  at  the  edge  of  the  masonry  bearing  plate.  The 
outstanding  legs  of  angles  supply  the  greater  part 
of  the  end  bearing,  as  the  other  legs  must  be  cut  or 
ground  to  fit  the  flllet  of  the  flange  angles.  With  the 
angles  turned  as  at  (c).  Fig.  32,  a  good  distribution  of 
the  load  is  effected,  whereas  with  the  angles  as  at  (b) 
this  is  not  the  case.  Sometimes,  moreover,  the  flange 
angles  run  a  little  short.  With  stiffeners  as  at  (a),  (b) 
or  (d),  and  the  flange  angles  a  little  too  short,  the 
already    inefficient    bearing    is    seriously    weakened. 

The  example  shown  at  (d)  has  the  stiffeners  crimped 
and  turned  the  wrong  way,  and  besides  this  they  are 
totally  out  of  line  with  the  column  angles,  which  have 
to  take  their  load.  This  occurs  In  a  long  viaduct  of 
recent   construction. 

Case  18.  Fig.  33  shows  a  traction  brace,  or  longi- 
tudinal diagonal,  attached  to  the  angle  of  a  viaduct 
post.  It  is  clear  that  this  could  rip  off  by  pulling  the 
heads  off  two  or  three  rivets  marked  X.  This  would 
be  greatly  improved  by  running  the  connection  plate 
across  the  post  to  take  rivets  in  the  other  angle  also; 
though   it   is   not   thereby   rendered    an    ideal   detail,    as 
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there  is  no  direct  connection  between  the  brace  and  tbd 
viaduct   beam   which   acts   as  a   strut. 

Case  19.  Figr.  84  shows  a  connection  of  a  knee  brace 
to  a  post,  such  as  the  brace  of  a  portal  to  the  end  post 
of  a  bridge.  Heavy  braces  are  sometimes  thus  connected 
to  thin  webs  that  would  not  begin  to  resist  the  capacity 
of  the  braces.  If  a  diaphragm  is  added,  as  shown  dotted 
the  strength  is  at  least  doubled.  If  the  end  of  the  brace 
Is  forked  and  connected  to  the  flanges  of  the  channels, 
the   strength   Is   made  still   greater. 

Case  20.  Fig.  85  shows  a  common  example  of  an 
eccentric  riveted  connection.  An  attempt  is  made  to 
balance  this  detail  by  a  bent  plate  at  the  toe  of  the  con- 
nection, but  the  result  is  only  a  balancing  in  appear- 
ance. A  bent  plate  is  not  suitable  for  taking  direct 
stress.     As  shown  at   (b)   the  detail  is  balanced. 

Case  21.  The  detail  shown  at  (c).  Fig.  86,  showing 
the  end  connection  of  a  sway-frame  in  a  skew  span,  Is 
another  example  of  the  wrong  use  of  the  bent  plate. 
This  is  in  the  sway-frame  of  a  plate-girder  span  on  a 
skew.  The  bent  plate  is  suitable  for  taking  the  shear, 
that  is,  the  vertical  component  of  the  stress  In  the  diag- 
onal brace,  but  the  stress  as  a  strut  is  unprovided  for. 
A  horizontal  plate,  as  shown  dotted,  would  take  this 
stress. 

Case  22.  In  the  detail  at  (d).  Fig.  86,  there  is  an- 
other case  of  the  inefficiency  of  a  bent  plate.  The  U- 
plate  is  in  bending  at  the  corners.  If  the  strut  angles 
were  brought  up  against  the  U-plate,  with  a  tight  fit. 
the  compression  would  be  taken  direct  into  the  angles. 

Case  28.  Tension  on  rivet  heads,  as  already  intimated. 
ts  not  bad  when  kept  within  limits.  A  tension  one-hali 
of  the  single  shear  value  of  the  rivet  is  not  too  high. 
The   detail   should   be   symmetrical,   and   the   connection 
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I^ngries  should  be  thick  enoufirb  to  resist  the  bendlngf. 
All  rivets  counted  upon  should  be  near  the  heel  of  the 
connectlngr  angle.  There  should  be  not  less  than  four 
rivets  in  any  connection  for  tension.  Rivets  are  often 
preferable  to  bolts  in  tension  because  of  the  difficulty 
of  making  bolts  tight,  the  free  use  made  of  common 
erection  bolts  in  bolted  connections,  and  the  fact  that 
rivets  seal  the  metal  better  than  loose  fitting  bolts. 

In.  Fig.  86  is  shown  a  detail  which  was  used  to  sup- 
port a  large  section  of  a  floor.  It  was  evident  that  all 
of  the  eight  rivets  were  counted  upon  in  tension.  The 
four  nearest  the  heel  of  the  angles  would  have  to  take 
all  of  the  load,  as  it  is  impossible  for  the  others  to  come 
into  action  until  the  first  four  failed.  This  is  a  very 
poor  detail. 

Case  24.  The  anchorage  of  a  column  is  often  made 
as  in  Fig.  87.  It  is  often  of  great  advantage  in  mill 
building  columns  to  have  them  anchored  for  bending 
BO  as  to  aid  in  resisting  wind  stresses.  Such  an  anchor- 
age as  this  one  is  scarcely  any  use  in  resisting  bend- 
ing. The  bolts  are  in  the  neutral  axis  of  the  column 
and  they  do  not  take  hold  of  the  shaft  of  the  column. 
They  should  pass  through  the  bottom  connection  angles. 

Case  26.  In  this  case.  Fig.  38,  a  cross-beam  not  only 
lacked  stiff eners  under  the  flange  angles  of  the  girder, 
but  found  only  one  rivet  in  its  neighborhood  to  take 
its  load. 

Case  26.  Fig.  89  shows  a  lateral  hitch  found  in  many 
old  (and  unfortunately  in  some  new)  bridges.  What 
the  upper  bent  plate  can  do  to  add  to  the  strength  of 
this  detail  is  hard  to  see.  Sometimes  there  are  two 
rivets  in  this  upper  plate,  and  it  is  rendered  a  trifle 
better;  but  such  a  bent  plate  is  by  no  means  capable 
of  resisting  any  considerable  stress.  The  idea  in  the 
minds  of  some  designers  seems  to  be  merely  to  provide 
something  that  will  offer  some  resistance  before  flnal 
rupture  and  tearing  apart  of  the  structure  occurs.  They 
do  not  consider  the  necessity  for  maintaining  the  in- 
tegrity of  the  detail  while  taking  the  legitimate  stress 
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of  the  member.     This  is  exhibited  not  only  In  this  detail 
but  in   many  others   herein   shown. 

Case  27.  This  concerns  angrular  bends  in  members 
under  stress,  such  as  flange  angles  of  girders.  It  is 
illustrated  at  (a).  Pig.  40.  Apart  from  the  possible  in- 
jury to  the  metal,  due  to  the  forging,  there  is  a  force 
X  wh*ch  bisects  the  angle  between  the  straight  parts. 
For  the  part  of  the  flange  angle  lying  against  the  web 
this  force  is  at  least  partially  resisted,  but  for  the  out- 
standing leg  of  angle  it  is  not  resisted,  and  as  a  conse- 
quence the  other  part  of  the  angle  is  overstressed. 

Assuming  a  bend  of  20 <>  and  Sx^-in.  outstanding 
flanges,  the  force  x  is  about  one-thfrd  of  the  stress  in 
the  angle.  At  16,000  lbs.  per  sq.  in.  this  force  x  would 
then  be  about  16,000  lbs.  for  each  6  x  H*in.  flange.  On 
the  two  angles,  say  6  x  3H  x  %-in.,  at  16.000  lbs.  per 
sq.  in.  net  section,  the  force  x  is  about  43.000  lbs.  This 
would  require  six  or  seven  rivets,  and  there  would  be 
only  one  or  two  at  the  bend.  The  absolute  absurdity 
of  such  a  design  is  thus  apparent.  Sharp  curves  <n 
members  under  stress  have  the  same  fault  in  a  some- 
what less  degree.  Anything  but  long,  easy  curves  should 
not  be  used,  and  the  curved  flange  should  be  thick  and 
as  narrow  as  practicable.  If  bends  are  necessary  they 
should  be  reinforced  by  plates  against  the  web. 

Case  28.  This  is  shown  at  (b).  Fig.  40.  It  involves 
a  combination  of  a  bent  splice  plate,  which  has  all  of 
the  faults  of  Case  27,  with  a  faced  Joint  of  two  members 
coming  together  at  an  angle.  The  faced  joint  is  just 
a  variation  of  Case  27,  with  the  added  uncertainty  of 
a  possible  bad  fit  or  an  open  joint.  There  are  no  rivets 
at  the  bend  to  take  the  force  y. 

Case  29.  This  concerns  failure  to  make  truss  mem- 
bers intersect  at  common  points  or  at  points  of  appli- 
cation of  the  load.  One  very  common  example  is  shown 
at  (a).  Fig.  41,  a  sketch  of  the  ends  of  the  chords  of  a 
roof  truss.  These  often  intersect  a  foot  or  two  outside 
of  the  support.  The  result  is  that  the  chords  are  com- 
pelled to  take  bending  moments  for  which  they  are  not 
designed. 

It  happens  in  the  case  of  roof  trusses  that  the  cal- 
culated load  is  seldom  realized,  but  this  does  not  release 
the  designer  from  the  responsibility  of  making  a  con- 
sistent design.  The  case  shown  at  (b).  Fig.  41,  is  a  truss 
supporting  water  tanks.  Here  every  pound  of  the  stress 
is  there  most  of  the  time,  and  the  use  of  such  question- 
able design,  with  its  possible  fatal  results,  is  utterly 
inexcusable.  Enough  imperfections  will  find  their  way 
into  a  structure  without  introducing  gross  errors  that 
every  structural  designer  should  know  are  such. 

Case  30.  The  example  shown  in  Fig.  42  belongs  by 
itself.  The  designer  evidently  thought  that  though  his 
chords  did  not  intersect  over  the  support,  he  had  a  deep 
girder  to  take  the  bending  moment.  At  the  inner  end 
of  this  girder  the  bending  moment  must  be  taken  by 
the   chords   acting   individually  in   bending. 

Case  31.  Sidewalk  brackets  are  a  prolific  source  of 
inconsistencies.  Members  will  be  duly  proportioned  and 
detailed  for  their  stress  up  to  the  point  4)f  the  main 
support,  and  then  the  stresses  are  sometfttTes  lost  sight 
of.  Fig.  43.  at  (a),  ought  not  to  need  any  comment, 
but  it  is  a  very  common  style  of  sidewalk  bracket  design. 
It  'is  hard  to  see  how  the  few  rivets  in  the  floorbearo. 
which  are  generally  only  enough  to  carry  properly  the 
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Case  83.  At  (c).  Fig.  48»  Is  an  astounding  example 
of  the  lensrths  to  which  confidence  In  the  strength 
of  steel  sometimes  carries  a  desierner.  It  Is  to  be  hoped 
that  this  Is  the  result  of  isrnorance,  but  It  is  time  that 
some  STOod,  wholesome  instruction  be  eriven  to  those 
who  are  responsible  for  such  blunders.  This  is  in  a  new 
viaduct  carryinsT  a  wide  sidewalk.  The  apparent  strength  | 
of  the  sidewalk  bracket  for  tension  in  the  upper  flange 
is  thirteen  rivets  in  shear.  It  can  be  seen,  however,  that; 
If  the  heads  palled  oil  four  rlvet%  this  bracket  ^rould 
fall. 

Case  84.  Fig,  44  is  a  sketch  of  the  floorbeams  of  a  I 
throuerh  railroad  grirder-span.  It  is  manifest  that  there 
should  be  enouerh  rivets  in  the  flangre  angrles  connecting 
to  the  web  to  take  the  full  stress  in  the  angrles  in  the 
distance  between  the  erirder  and  the  stringier.  It  is 
often  overlooked,  however,  that  there  should  be  enougrh 
rivets  in  the  space  d  to  take  the  full  flangre  stress  at 
the  section  zz.  The  flange  stress  at  this  section  is  Just! 
as  definite  a  quantity  as  that  at  the  stringer,  and  is 
sometimes  as  much  as  half  of  the  latter.  This  is  more 
especially  apt  to  be  a  weak  point  in  the  design  of  a 
floorbeam  in  which  the  web-plate  (k  counted  upon  to 
assist  the  fiange.  The  plate  cannot  well  be  spliced  for 
bending,  and  the  angles  must  take  the  full  flange-stress. 

Case  86.  Typical  of  a  large  number  of  cases  is  the 
one  shown  in  Fig.  45,  a  common  way  of  splicing:  the 
flange-plate  of  a  girder  in  the  compression  flangre.  A 
milled  Joint  is  depended  upon  and  a  perfunctory  splice 
plate  is  used.  In  the  flgure  the  milled  Joint  is  shown 
open.  It  is  more  liable  to  be  open  than  closed.  If  it 
is  open  the  thickness  of  a  sheet  of  paper,  the  entire 
stress  is  on  the  remaining  parts  of  the  flange  and  can- 
not come  on  the  Joint,  where  only  a  part  of  any  mem- 
ber is  spliced,  there  should  be  the  full  number  of  rivets 
and  an  equivalent  area  in  the  splicing  parts,  in  a  com- 
pression as  well  as  in  a  tension  member. 

Case  36.  In  Fig.  46  is  shown  the  shoe  of  a  heavy 
girder-span,  one  requiring  a  pin  support  on  account  of 
the  long  span  and  great  weight.  Naturally  the  load  to 
be  carried  is  unusual.  It  will  be  seen  that  the  webs 
of  the  upper  shoe  are  not  only  beyond  the  end  stiffener 
angles  of  the  girder,  but  also  beyond  the  flange  angles. 
The  bending  moment  on  the  plate  across  the  bottom  of 
the  girder  is  very  great.  These  webs  should  be  well 
under  the  stiffener  angles,  or  else  a  solid  cast  shoe 
should  be  used,  giving  a  bearing  directly  on  the  pin. 

Case  37.  This  is  shown  in  Fig  47.  In  the  inclined 
posts  of  a  bent  having  battered  posts  there  is  a  larg^e 
force  at  the  top  tending  to  push  the  caps  together,  and 
the  same  at  the  bottom,  tending  to  pull  the  bases  apart. 
In  this  bent  neither  of  these  forces  is  adequately  pro- 
vided  for. 

The  following  are  examples,  taken  from  published 
specimens   from   current   practice,    of   faulty   details. 

Plate  I.  This  is  a  good  example  of  floor  section,  but 
the  sidewalk  bracket  is  poorly  detailed.  As  seen,  the 
top  and  bottom  flange  stresses  of  the  bracket  take  hold 
merely  of  the  unstiffened  flanges  of  the  channels  of  the 
vertical  post.  The  top  connection  of  the  bracket  does 
not  even  cross  the  post  to  get  the  aid  of  both  channels. 
Less  attention  to  ornamental  curves  and  more  to  pro- 
vision for  carrying  the  stresses  would  greatly  improve 
this  construction. 
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Plate  II.  This  erirder  evidently  carries  a  heavy  load. 
The  end  stiffeners  are  turned  in  such  way  that  very 
little  of  their  area  is  over  the  supporting:  erirder. 

Plate  III.  This  is  a  shoe  supporting:  a  heavy  erirder; 
a  large  part  of  the  load  must  be  on  the  outer  webs  of 
the  shoe.  The  outer  webs  of  the  upper  shoe  have  no 
metal  above  them.  They  even  come  beyond  the  flangre 
angrles  of  the  grirder.  A  cast  steel  upper  shoe,  bearing: 
for  the  full  width  on  the  pin,  would  be  appropriate  here. 

Plate  IV.  Here  is  another  case  where  stiffeners  are 
mis-placed.  The  heavy  stiffeners  are  at  the  extreme 
end  of  the  girder  and  all  stiffeners  are  crimped.  The 
stiffeners  should  be  over  the  middle  of  the  shoe,  and 
they  should  have  fillers  under  them. 

Plate  V.  Here  is  still  another  case  of  inefficient 
stiffeners.  Thougrh  there  are  some  heavy  vertical  angles 
near  the  end  of  these  girders,  none  of  them  bear  against 
the  horizontal  angles  to  which  the  bearing  bloclcs  are 
attached. 

Plate  VI.  In  this  floorbeam  the  bottom  flange  stress 
at  a  point  three  feet  from  the  end  is  cared  for  by  but 
five  rivets.  The  web  reinforcing  plates  should  extend 
under  the  curved  angles,  and  there  should  be  plates  over 
these  reinforcing  plates  and  the  bottom  flange  angles 
to  take  six  rivets  in  each.  This  would  make  the  bottom 
flange  about  equivalent  to  the  top,  which  has  twelve 
rivets  up  to  the  web  splice. 

Plate  VII.  This  shows  two  samples  of  poor  sidewalk 
bracket  details.     In  one   there  is  a  vacant  space  in   the 

fost  opposite  the  tqp  flange  of  the  sidewalk  bracket, 
n  the  other  the  vacancy  occurs  at  the  bottom  of  the 
girder,  opposite  the  bottom  flange  of  the  sidewalk 
bracket. 

Plate  VIII.  This  is  still  another  poorly  designed  side- 
walk bracket.  The  top  flange  stress  is  well  taken  care 
of.  but  the  bottom  flange  stress  would  have  to  travel 
around  an  unstiffened  bend  in  a  pair  of  angles. 
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Chapter  v. 

Notes  on  Bridge  Design. 

g^lectloa  of  Style  of  Strvetnrc — ^The  particular  feat- 
ures as  to  clearance,  profile  of  erround,  etc.,  often  limit 
the  deslgrner  In  the  selection  of  the  kind  of  bridgre.  span, 
depth,  etc.;  but  sometimes  he  is  free  to  choose,  and, 
if  aesthetic  considerations  do  not  srovem.  It  should  be 
the  aim  to  desigrn  the  most  economic  structure  consistent 
with  rlerid  and  srood  construction,  bearingr  In  mind  future 
possibilities  as  to  the  wider  usefulness  of  the  structure. 

For  very  short  brldgre  spans  I-beams  are  most  appro- 

frlate.  '  Spans  up  to  20  or  80  feet  may  be  made  of  rolled 
-beams.  The  limit  of  span  depends  upon  the  load  to  be 
carried:  also  the  relation  of  depth  to  span  may  grovern. 
In  railroad  work  for  rigridlty  the  depth  should  not  be 
under  about  one-twelfth  of  the  span.  This  would  limit 
the  span  of  24-in-  I-beams,  for  example,  to  24  feet. 
In  other  work  the  depth  should  be  not  less  than  about 
one-twentieth  of  the  span.  Between  20  and  30  feet  rolled 
beams  will  be  found  to  cost  more  than  plate  erirders, 
thougrh  the  former  are  often  preferable  for  other  rea- 
sons. The  depth  allowed  below  base  of  rail  is  often 
limited.  Sometimes  this  limited  depth  makes  it  expedi- 
ent to  use  rolled  beams  of  heavy  weight  in  preference 
to  plate  grirders. 

very  often  the  matter  of  economy  as  exhibited  in 
first  cost  is  subordinated  to  other  considerations.  The 
lightest  and  cheapest  structure  would  be  very  deep  and 
composed  of  many  parts.  An  open  lattice  girder  is  much 
lighter  than  a  plate  girder,  even  for  short  spans,  but 
the  members  would  be  light  and  easily  bent.  There 
would  be  much  surface  exposed  to  rust  and  some  of  this 
almost  inaccessible  for  painting.  In  the  early  days  of 
steel  bridge  building  structures  were  made  deep  and 
light  but  this  practice  has  been  abandoned  for  more  sub- 
stantial work. 

Plate  girders  are  now  very  commonly  used  for  spans 
up  to  90  or  100  feet.  They  are  sometimes  used  for  spans 
up  to  125  or  130  feet.  Spans  90  to  150  feet  are  now 
commonly  made  with  riveted  trusses  or  lattice  girders 
as  the  shorter  riveted  trusses  are  called.  Formerly 
spans  of  this  length  were  very  commonly  made  of  pin- 
connected  trusses.  Riveted  trusses  for  spans  of  this 
size  are  much  more  rigid  and  substantial.  They  admit 
of  being  reinforced  (in  case  it  Is  desired  to  use  them  for 
heavier  traffic)  and  are  more  readily  painted. 

Long  span  trusses  are  usually  made  pin-connected 
In  America.  Sometimes  combinations  are  made,  some 
connections  being  riveted  while  others  are  pin -connected. 

For  spans  of  30  to  90  feet  or  more,  deck  plate  girders 
are  generally  the  best  for  several  reasons.  They  are 
not  always  the  lightest  in  weight,  but  the  shop  work 
on  a  plate  girder  is  cheaper  and  the  cost  of  erection 
is  less  than  on  a  short  pin-connected  span,  often  made 
use  of  In  small  highway  bridges.     The   bracing  is  slm- 

{»ler  In  a  deck  span  than  in  a  through  span,  particularly 
n  the  matter  of  the  portal.    The  portals  of  light  high- 
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way  spans,  and  sometimes  those  in  railroad  spans,  are 
very  often  poor  makeshifts.  Proper  bracing  in  small 
hisrhway  spans  is  rare:  the  bottom  lateral  system  is 
seldom  near  the  plane  of  the  bottom  chord,  and  very 
often  there  is  practically  no  provision  for  taking  up 
the  eccentric  stresses  produced.  In  girder  spans,  deck 
or  through,  it  is  not  difficult  to  get  the  lateral  systems 
in  the  planes  of  the  chords  or  flanges.  The  braces  are 
shorter  in  a  deck  plate  girder  span,  and  consequently 
they  will  be  stiffer  in  the  same  sections  than  they  would 
be  in  a  through  span. 

A  difficulty  in  a  deck  plate  girder  span  in  railroad 
and  trolley  bridges  is  to  get  the  top  lateral  system  out 
of  the  way  of  the  ties.  The  ties  will  generally  be 
notched,  and,  if  the  top  laterals  are  on  the  top  flange, 
interference  is  a  possibility.  If  the  laterals  are  at- 
tached to  gusset  plates  on  the  under  side  of  the  flange 
angles  and  turned  with  all  flanges  down  they  may  be 
kept  out  of  the  way  of  the  ties.  Fillers  between  the 
gusset  plates  and  the  girder  flanges  would  bring  them 
still  lower.  Ties  shouloT  never  be  cut  out  near  the  mid- 
dle of  track  for  laterals.  Camber  in  deck  plate  girder 
spans  is  liable  to  be  a  source  of  trouble  in  intereference 
of  ties  and  laterals;  as  the  rise  in  top  flange,  with  a 
horizontal  tracks  will  bring  the  laterals  up  to  the  plane 
of  interference  with  the  ties.  It  is  best  to  omit  all 
camber  in  deck  plate  girder  spans. 

A  method  of  overcoming  intereference  of  ties  and 
laterals  is  to  use  extra  angles  instead  of  cover  plates 
in  the  top  flange,  the  additional  angles  being  riveted  over 
the  vertical  legs  of  the  main  flange  angles  and  turned 
with  the  horizontal  flange  down.  The  laterals  may  be 
attached  to  the  horizontal  legs  of  the  extra  angles  and 
to  connection  angles  at  the  ends  of  span,  where  the  extra 
angles  do  not  reach.  Another  advantage  in  this  con- 
struction is  the  absence  of  rivet  heads  in  the  top  flange. 
Fitting  of  ties  is  made  simpler. 

An  advantage  in  a  plate  girder  span,  whether  deck 
or  through,  lies  in  the  fact  that  a  girder  can  be  re- 
inforced for  heavier  loading  by  very  simple  means, 
whereas  a  truss  span  can  scarcely  be  so  reinforced. 
There  are  many  old  pin>connected  highway  spans,  and 
some  railroad  spans  of  the  same  type,  that  are  doing 
service  never  intended  for  them  to  perform.  It  is  prac- 
tically impossible  to  reinforce  them,  because  the  weak 
features  are  principally  in  the  details,  such  as  small 
pins  and  weak  end  details;  and  on  account  of  the  large 
number  of  pieces  requiring  reinforcement,  there  would 
be  no  economy  in  attempting  such  repairs.  Plate  girder 
spans  of  the  same  capacity  can  have  their  strength  and 
capacity  very  greatly  increased  by  the  mere  addition 
of  cover  plates  and  reinforcement  or  stiffening-up  of 
webs.  If  the  cheap  bridges  throughout  the  country  had 
been  plate  girder  spans  instead  of  the  flimsy  pin-con- 
nected spans  so  prevalent,  they  could  have  been  made 
to  last  longer,  by  reinforcing,  than  the  present  light 
bridges  that  are  being  taken  down  because  of  their  in- 
adequacy. 

Furthermore  plate  girder  spans,  by  proper  tension 
reinforcement  of  the  bottom  flange,  could  be  converted 
into  permanent  reinforced  concrete  structures  of  large 
carrying  capacity  by  the  mere  encasing  of  the  girders 
in  concrete  properly  bonded  and  tied  together  with  steel 
rods  or  mesh. 
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Next  to  deck  plate  erirders  through  plate  erlrders  are 
best  for  ordinary  cases  in  spans  from  about  30  to  90 
feet  They  have  some  of  the  advantaeres  of  deck  plate 
girder  spans,  but  the  floor  system  required  makes  the 
weight  of  the  bridRe  much  greater,  where  the  clear- 
ance under  the  bridgre  is  such  to  demand  a  depth  from 
floor  to  clearance  line  too  small  for  a  good  deck  girder, 
a  through  girder  must  be  used.  In  the  matter  of  bracing, 
the  through  span  offers  the  same  advantage  as  to  bottom 
laterals,  and  the  top  flange  can  be  well  braced  by  use 
of  gussets  or  struts. 

A  style  of  through  span  now  seldom  used  consists  of 
two  girders  with  ties  resting  on  the  bottom  flange  and 
having  struts  at  intervals  (part  of  the  lateral  system), 
to  which  gussets  are  connected.  These  gussets  stiffen 
the  top  flange  and  the  girder.  Sometimes  the  ties  rest 
on  shelf  angles.  Special  deep  ties  are  of  course  neces- 
sary. The  tie  load  on  the  side  of  the  girder  is  a  feature 
of  this  design  not  to  be  commended  for  heavy  loading. 

Another  style  of  floor  in  through  plate  girder  spans 
18  the  trough  floor.  In  this  construction  troughs  are 
made  of  vertical  and  horizontal  plates  12  or  15  ins.  wide, 
connected  at  the  corners  by  angles.  Deeper  webs  are 
required  in  double  track  spans.  The  troughs  are  fllled 
with  ballast,  and  ties  are  laid  as  In  ordinary  track,  or  a 
tie  may  be  laid  in  each  trough.  This  kind  of  floor  is 
Bubject  to  much  rusting  because  of  the  retention  of 
water  by  the  ballast  and  the  Impracticability  of  putting 
.  a  protective  coating  on  the  steel  that  the  ballast  will  not 
penetrate  or  score. 

In  more  recent  designs  the  troughs  are  completely 
fllled  with  concrete.  The  concrete  may  be  brought  up 
2  or  8  ins.  above  the  top  of  troughs  and  waterproofed 
over  this  with  several  lawers  of  tarred  felt  or  burlap, 
or  the  top  of  the  steel  trotighs-  and  the  concrete  may 
be  covered  with  a  waterproofing  of  asphaltic  mastic 
about  IH  ins.  thick.  This  surface  is  properly  drained 
and  ballast  is  laid  upon  it. 

In  these  trough  floors  the  vertical  plate  or  web  is 
connected  to  the  web  of  the  girder  by  one  or  two  angles. 
These  connection  angles  should  be  riveted  to  the  trough 
plate  in  the  shop,  as  it  is  very  difficult,  sometimes  im- 
possible, to  drive  rivets  in  the  web  of  the  trough  in  the 
field.  The  troughs  are  riveted  up  in  the  shop  in  about 
flve-foot  sections. 

Another  ballast  floor  design  consists  of  cross  beams 
spaced  15  to  24  ins.  apart  and  covered  with  a  steel  plate 
or  a  treated  wooden  deck.  (See  Godfrey's  Tables,  p. 
163.)  In  some  cases  rails  are  fastened  directly  to  the 
steel  plate  covering  the  cross  beams  and   the   ties  dls- 

gensed  with.  When  ballast  is  used,  the  steel  plate  should 
e  covered  with  about  three  inches  of  concrete  and  sev- 
eral layers  of  tarred  felt  or  burlap,  or  else  with  about 
1^   inches  of  asphaltic  mastic. 

The  cross  beams  must  of  course  be  riveted  to  the 
girder.  Sometimes  this  is  done  by  the  use  of  end  con- 
nection angles,  and  sometimes  the  beams  rest  on  the 
^rder  flange  and  are  riveted  thereto  by  rivets  through 
the  flanges  of  the  beam.  Usually  there  is  also  a  shelf 
angle  on  the  girder,  turned  down  and  riveted  to  the 
top  flange  of  the  beams.  The  difficulty  with  end  con- 
nection angles  is  in  the  matter  of  riveting.  If  lugs  are 
left  on  the  girders,  there  Is  not  room  enough  to  drive 
good  rivets  in  the  webs  of  the  cross  beams.    If  the  con« 
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nectlon  ariRles  are  riveted  to  the  beams  in  the  shop,  It 
means  a  largre  number  of  field  rivets  in  the  bottom  flange 
of  the  girders,  as  the  connection  of  the  beams  would 
be  througrh  flanre  rivets  in  the  girder.  If  the  cross 
beams  rest  on  the  bottom  flange  of  the  girder,  with- 
out web  connection  by  means  of  end  angles,  they  should 
be  rireted  to  the  outstanding  flange  of  the  girder  angle, 
as  these  rivets  will  aid  grreatly  in  preventing  the  bend- 
ing down  of  the  girder  flange;  that  is,  the  tension  on 
the  rivet  head  will  hold  this  flange  from  sagging,  which 
it  will  tend  to  do  on  account  of  the  cross  beam  load. 

In  spans  with  cross  beams  as  described  in  the  fore- 
going paragraph  it  is  customary  to  consider  that  the 
rail  distributes  the  wheel  load  of  a  locomotive  into 
three  cross  beams. 

Excellent  construction  may  be  made  by  use  of  a  re- 
inforced concrete  floor  slab,  the  reinforcement  being  rods 
running  from  girder  to  girder  and  through  the  webs, 
with  nuts  on  the  ends  to  anchor  them.  The  matter  of 
drainage  can  be  well  taken  care  of  by  giving  the  top 
surface  a  slope  toward  the  middle  of  bridge  and  thus 
away  from  the  steel  work.  Or  the  low  points  may  be 
made  two  or  three  feet  away  from  the  girders,  with  weep 
holes  at  intervals. 

Floor  System — ^The  floor  system  of  through  girder 
spans,  other  than  those  special  cases  above  mentioned, 
usually  consists  of  floorbeams  and  two  or  more  stringers. 
The  length  of  panel,  that  is,  the  distance  between  floor- 
beams  usually  ranges  between  10  and   15  feet. 

For  railroad  spans  each  stringer  may  be  a  single 
I-beam,  a  pair  of  I-beams,  a  single  built  beam,  or  a  pair 
of  built  beams  though  the  latter  is  seldom  used,  when 
'  the  stringer  is  a  single  beam,  it  Is  usual  to  space  the 
stringers  six  to  seven  feet  center  to  center:  6  ft.  6  ins. 
is  a  standard  distance  much  used.  When  the  stringers 
are  double  the  distance  c.  to  c.  of  the  pairs  is  made 
about  Ave  feet,  so  that  a  rail  will  come  over  the  middle 
line  of  a  pair  of  beams. 

In  highway  spans  the  stringers  may  be  spaced  2H 
or  3  feet  apart,  and  over  this  a  deck  of  one  or  two  layers 
of  3  or  4  in.  planks  may  be  laid.  Or  the  steel  stringers 
may  be  replaced  by  wooden  stringers  or  Joists  spaced 
2  or  8  ft.  apart,  on  which  the  floor  deck  may  be  laid. 
If  reinforced  concrete  slabs  are  made  use  of,  the  spacing 
of  string-ers  may  be  4  to  6  ft. 

Strlnprers  should,  in  flrst  class  work,  have  a  riveted 
connection  to  the  floorbeam  or  else  rest  on  brackets 
capable  of  taking  the  full  reaction,  with  side  lugs  or  flange 
rivets  to  hold  them  in  place.  In  railroad  work  riveted 
connections  only  should  be  employed;  if  a  bracket  is 
used,  its  function  should  be  merely  to  hold  the  beam  in 
place  during  erection   until  the  rivets  are  driven. 

Floorbeams  may  be  connected  to  the  girder  by  end 
angles,  and  a  separate  gusset  used  to  stiffen  the  girder; 
or  the  connection  may  be  by  means  of  a  gusset  plate 
the  latter  being  riveted  to  a  stiff ener  angle  of  the  girder. 
(See  Godfrey's  Tables,  pp.  140,  149,  150.) 

Depth  of  Plate  GIrdenh— The  depth  of  a  plate  girder 
is  usually  governed  by  practical  conditions.  Theoret- 
ically, for  maximum  economy,  the  weight  of  web  should 
be  about  equal  to  the  weight  of  both  flanges,  but  this 
relation  is  of  little  or  no  use  in  practical  design;  for 
It  would  be  found  that  a  girder  in  which  this  Is  true, 
if  the  web  has  not  a  large  excess  of  area  for  the  shear. 
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would  be  excessively  deep.  To  take  an  example,  suQ/r 
pose  a  girder  having  a  span  of  40  ft.  is  to  carry  a  total 
load  of  6000  lbs.  per  ft.  At  6000  lbs.  per  sq.  in.  for  shear 
the  weight  of  the  web  would  be  2267  lbs.  At  14000  lbs. 
per  sq.  in.  gross  in  the  llanges  the  depth  to  give  this 
weight  in  the  flanges  would  be  8.6  ft.  This  web,  how- 
ever, would  be  too  thin  for  practical  purposes.  If  the 
web  is  made  5-16  in.  thick,  it  will  be  found  that  at  a 
depth  of  about  6  ft.  the  web  will  weigh  the  same  as  the 
llanges.  Both  of  these  depths  are  too  great  for  a  span 
of  this  length.  Too  much  metal  would  be  needed  in 
the  web   stifCeners   and   in   the    bracing. 

On  account  of  this  economic  depth  being  practically 
out  of  reach,  except  in  some  special  cases  of  girders  of 
short  span,  it  may  be  stated  as  a  general  rule  that  the 
deeper  the  girder  the  greater  the  economy.  The  limita- 
tions of  the  web  will  have  much  to  do  with  the  practical 
limit  of  economy.  Deep  webs  need  more  stiffeners,  and 
the  thickness  of  web  plate  must  not  be  less  than  the 
minimum  allowed  thiclcness  of  metal.  Also  the  ratio 
of  thickness  to  clear  depth  between  flange  angles  should 
not  be  less  than  1-200  in  order  to  avoid  the  buckles  that 
are  liable  to  occur  in  wide  thin  plates. 

In  railroad  work  the  usual  limit  in  depth  of  plate 
girders  is  about  one-tenth  of  the  span.  Greater  depths 
are  used  In  short  spans.  In  long  spans  the  depth  is 
sometimes  one-twelfth.  In  other  work  than  railroad 
work  the  depth  of  girders  may  be  less  than  one-tenth 
of  the  span. 

Ei€oiionifc  Spans  In  Vladucta — In  a  viaduct  composed 
of  bents  supporting  deck  plate  girder  spans  it  is  common 
to  have  a  system  of  spans  of  about  50  or  60  ft.  alter- 
nating with  towers  in  which  the  distance  between  bents 
is  25  or  30  ft.  This  is  not  the  most  economic  arrange- 
ment in  the  matter  of  steel,  because  the  longer  the  span 
the  greater  its  weight  per  foot,  and  the  total  weight 
of  the  towers  and  bents  does  not  vary  much  for  different 
arrangements  of  spans.  Equal  spans  throughout  would 
be  more  economical,  provided  the  length  of  span  is  not 
such  as  to  make  the  tower  bracing  too  heavy.  If  the 
weight  of  towers  and  bents  and  their  bracing  be  assumed 
to  be  constant  for  a  given  crossing,  the  most  economic 
arrangement  of  spans  can  be  found  as  follows:  Assume 
a  pair  of  pedestals  to  cost  $200.  At  4  cts.  per  lb.  this 
would  be  the  equivalent  of  5000  lbs.  of  steel.  With 
equal  spans.  L  and  the  girders  designed  for  E45  loading, 
the  weight  per  foot  of  steel  work  in  girders  being 
12.7LH-(1300-T-Ii),  the  expression  for  the  weight  of  metal 
In  the  viaduct  per  foot,  exclusive  of  towers  and  bents 
(a  constant),  is 

12.7    Ii+(1300-M.)  +  (5000-Mi). 

By  differentiating  and  equating  to  zero  it  is  found  that 
for  a  minimum  value  of  this  expression 
I.  =  22.3  ft. 

If  a  pair  of  pedestals  cost  $300, 
Ii  =  26.3   ft. 

If  a  pair  of  pedestals  cost  $400, 
I- =  29.8   ft. 

The  last  of  these  is  not  far  from  a  common  length  of 
tower  span,  so  that  it  would  appear  that  maximum  econ- 
omy in  the  entire  viaduct  will  result  when  the  spans 
are  equal.  Tower  bracing  can  be  equalized  in  a  system 
of  equal  short  spans  as  compared  with  the  common  sys- 
tem of  alternate  short  and  long  spans,  by  making  every 
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third  span  a  tower.  The  intermediate  singrle  bent  need 
have  no  provision  for  expansion  on  the  top.  Expansion 
at  one  end  of  one  of  the  spans  between  the  towers,  and 
this  adjacent,  to  a  tower,  will  meet  all  of  the  requirements. 
Another  feature  of  economy  in  equal  spans  is  seen  in 
the  simplified  shop  work  and  detail  drawingrs. 

While  it  is  true  that  a  largre  number  of  columns  sup- 
porting a  eriven  load  will  weisrh  somewhat  more  than 
a  smaller  number,  especially  if  they  are  latticed,  tho 
difference  is  not  large.  For  a  more  exact  determination 
of  the  most  economic  system  of  spans,  an  allowance  could 
be  made  in  the  cost,  or  equivalent  steel  weisrht.  of  tho 
masonry  pedestals.  Assuming^  this  to  be  10  lbs.  per 
foot  of  post  for  the  averagre  height  of  post,  to  allow 
for  extra  lattice,  a  closer  flsrure  for  the  most  economic 
lengrth  of  span  can  be  found.  If  the  averagre  heigrht  of 
post  is  SO  ft.,  for  example,  the  equivalent  steel  weight 
for  a  pair  of  pedestals  would  be  increased  by  2x80x10 
equals  600  lbs.  It  can  be  seen  that  this  would  not  affect 
results  very  materially.  There  would  be  some  difference 
in  the  cost  per  pedestal  for  heavy  and  ligrht  columns,  but 
this  would  DO  about  balanced  by  any  economy  in  crosi 
section  of  the  heavier  columns  due  to  a  larger  unit 
stress   allowed. 

Small  Foot  Brldares — Small  foot  brldgres  are  best  made 
of  riveted  lattice  grirders.  In  some  cases  these  girden 
can  act  as  gruards  or  hand  railings.  Braces  or  gusseti 
are  needed  at  intervals  to  stiffen  the  top  chord.  lAttice 
girders  or  riveted  trusses  are  also  appropriate  for  high- 
way bridges  of  spans  above  about  80  feet  and  for  rail- 
road bridges  above  about  100  ft. 

Depth  of  Lattice  Girders — In  lattice  girders  and 
trusses,  about  the  same  may  be  said  concerning  the  most 
economic  depth,  as  has  been  said  about  plate  girders. 
Theoretically  the  economic  depth  is  that  which  gives 
equal  weight  of  web  system  and  of  the  two  chorda  This 
Is  seldom  realized  in  good  work.  The  depth  necessary 
to  make  this  true  is  so  large  a  fraction  of  the  span, 
that  extensive  overhead  bracing  Is  repaired.  In  a  large 
number  of  bridges  the  author  found  that  the  actual 
weight  of  web  system  was  close  to  one-half  the  weight 
of  the  two  chords. 

Ptn-Connected  Trusses — ^Pln-connected  trusses  are  ap- 
propriate for  spans  of  160  ft.  or  more.  Formerly  pin- 
connected  trusses  were  much  used  for  spans  above  109 
feet.  There  Is  a  tendency  in  railroad  work  to  use  & 
combination  of  pin-connected  and  riveted  work,  even 
In  long  spans.  Some  of  the  difficulties  of  pin-connected 
truss  spans  are  In  the  connection  of  floorbeam  to  truss 
and  the  design  of  lateral  system  to  avoid  eccentric 
stresses.  Many  designs  are  faulty  In  these  particulara 
The  floorbeam  should  be  riveted  to  the  vertical  post:  the 
pin  intereferes  with  this  connection  and  gives  rise  to 
the  many  poor  details  that  are  so  often  used.  A  good 
method  is  to  run  the  end  connection  angles  above  the 
top  of  the  floorbeam  and  to  add  diagonal  side  plates 
to  the  floorbeam,  near  the  end  of  the  same.  These  diag- 
onal plates  run  under  the  end  connection  angles  ana 
are  connected  by  splice  plates  to  the  bottom  fl*Dge 
angles  of  the  floorbeam.  They  thus  take  the  place  of  we") 
and  bottom  flange  near  the  end  of  floorbeam.  The  Wv* 
eral  plate  may  be  attached  to  the  bottom  of  Aoorbgim 
and  to  the  bottom  end  of  the  vertical  post  (See  Qoc* 
frey's  Tables,  p.  152.) 

78 


_    J 


"  A  good  combination  of  pin-connected  and  riveted  work 
consists  in  riveted  joints  between  chords  and  between 
chord  and  vertical,  with  diasronals  of  eye-bars.  Pin  con- 
nections of  the  built  members  are  thus  avoided. 

Early  pin-connected  bridsres  had  bracing  of  rods  at* 
tacbed  oy  various  means  to  the  ends  of  pins.  This  is 
not  good.  The  connection  of  bracing  to  truss  should 
be  a  riveted  connection.  The  bracing  Itself  may  be  rods 
attached  to  plates  riveted  to  the  truss  or  angles  riveted 
to  such  plates. 

Depth  of  Trusses — ^The  depth  of  a  truss  may  be  from 
1>8  to  1-6   of   the   span,   the   shorter   spans   having   the 

greater  relative  depth.  The  deeper  trusses  will  usually 
e  cheaper,  but  sometimes  the  slender  members  require 
M  much  cross  sectioiv  as  shorter  members  with  greater 
stress.  Proper  design  Is  usually  a  medium  between  the 
deep  and  slender  truss  of  minimum  weight  and  the  shal- 
low heavy  truss.  Rigidity  is  an  essential  factor  in  good 
construction.  Short  neavy  members  are  less  liable  to 
injury  by  accident  than  long  light  onea 

Some  economy  Is  effected  by  making  the  depth  of 
truss  at  the  middle  of  span  greater  than  at  the  hip, 
when  the  depth  required  at  the  portal  is  not  near  the 
maximum  desired  at  the  middle  of  span.  The  upper 
chord  is  then  made  In  a  broken  line,  usually  with  the 
panel  points  in  a  parabola.  Where  a  straight  upper 
chord  can  be  used,  it  is  better,  as  the  shop  work  is 
simpler. 

8p«elBc  of  GIrdem  and  Tmsses— The  distance  center 
to  center  of  girders  In  short  deck  spans  for  railroad  work 
is  usaually  made  about  6.6  ft.  For  spans  In 
the  neighborhood  of  90  ft.  7.6  ft.  is  in  good  pro- 
portion. Riveted  deck  trusses  (called  also  lattice  gird- 
ers) from  126  ft.  to  150  ft.  should  be  spaced  about  9  or 
19  ft.  c  to  c  Double  track  bridges  in  deck  spans  are 
usually  made  of  two  separate  spans.  In  some  spans  on 
the  Lackawanna  R.  R.  three  deck  trusses  are  used,  the 
spacing  of  the  trusses  being  such  as  to  divide  the  load 
of  the  two  tracks  equally  among  the  three  trusses.  Thus 
if  the  tracks  are  IS  ft.  apart  and  the  trusses  are  9.76 
ft  c  to  c,  each  girder  will  take  two- thirds  of  the  load 
on  one  track. 

Long  span  deck  bridges  will  have  the  trusses  or  grird- 
•rs  spaced  with  some  regard  to  the  length  of  span. 
For  ordinary  spans  one-twelfth  to  one-tenth  of  the  span, 
for  distance,  center  to  center  of  trusses  Is  a  good  pro- 
portion. Very  long  spans  may  be  spaced  relatively 
closer.  This  distance  should  not  be  so  narrow  as  to 
make  the  top  chords  as  a  whole  a  more  slender  com- 
pression member  than  the  Inoividual  parts.  The  ordi- 
nary chord  section  has  a  ratio  of  slenderness  of  about 
SO  to  40,  and  as  the  radius  of  gryration  of  the  top  chords 
taken  together  is  approximately  one-half  of  the  dis- 
tance centef  to  center  of  trusses,  this  would  make  the 
distance  between  trusses  to  correspond  to  these  ratios 
1*16  to  1-20  of  the  span. 

The  spacing  of  through  grirders  and  trusses  of  rail- 
road bridges  Is  governed  by  the  clearance  required.  In 
Jerv  long  spans  it  may  be  necessary  to  widen  out  the 
bridge  in  order  to  make  the  top  chords,  acting  together 
M  a  column,  shorter  (with  less  ratio  of  slenderness)  than 
the  individual  sections.  Double  track  through  bridges 
generally   have   three   grirders    or   trusses. 

Panel  Lengths— The  par^l  length  of  a  truss  span  is 
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now  generally  made  from  20  to  25  feet  In  railroad 
bridges.  These  long  panels  have  the  advantage  of 
fewer  parts  and  greater  rigidity,  over  the  short  panels 
of  earlier  designs.  They  illustrate  the  same  tendency 
to  rigidity  rather  than  cheap  design. 

Style  of  TmMi — The  style  of  truss  most  common  Is 
the  Pratt  type.  This  type  of  truss  has  vertical  posti 
to  which  the  floorbeam  may  be  attached  and  to  which 
the  sway  bracing  may  be  connected.  When  the  truss  it 
very  deep,  a  curved  or  broken  top  chord  is  used,  the 
depth  being  reduced  at  the  hip  to  an  amount  allowing 
for  overhead  clearance  and  the  portal. 

Deck  Bridges — Deck  bridges  are  those  in  which  the 
floor  is  above  the  trusses  or  girders.  Through  bridges 
are  those  in  which  the  trusses  or  girders  are  partially 
or  wholly  above  the  floor.  When  the  floor  system  is 
located  midway  between  the  top  and  bottom  chords  of 
the  trusses  or  girders,  the  bridge  is  called  half-through. 

Deck  bridges  are  cheaper  than  through  bridges  and 
are  generally  used  where  the  headroom  beneath  the 
bridge  will  permit. 

Where  the  ties  rest  directly  on  the  top  chord  of  a 
truss,  that  chord  must  be  made  capable  of  taking  bending 
as  well  as  direct  compression.  In  some  designs  the  floor- 
beams  rest  on  the  top  chord  directly  over  the  panel 
f'Oint.  They  are  braced  with  gussets  or  knee  braces, 
n  such  construction,  if  the  floorbeam  load  is  heavy, 
special  provision  may  be  needed  in  the  way  of  stiffeners 
under  the  floorbeam.  Other  designs  have  the  floorbeams 
riveted  to  the  vertical  posts  of  the  truss  or  to  the  gusset 
plates  at  panel  points. 

Throush  Brldsea — Through  bridges  usually  have  a 
floorbeam  at  each  panel  point  and  the  best  designs  have 
an  end  floorbeam  as  well.  In  girder  spans  the  floor- 
beams  are  usually  spaced  10  to  15  feet  apart.  On 
through  girder  spans  they  may  be  connected  to  the 
girder  by  means  of  a  gusset  plate  spliced  to  the  floor- 
beam  web  and  riveted  to  the  side  of  a  stiff ener  angle 
or  between  two  such  angles;  or  they  may  have  end  con- 
nection angles  and  a  separate  gusset  to  stiffen  the  girder 
above  the  floorbeam. 

Floorbeam  Details — Floorbeams  are  sometimes  hung 
on  the  truss  pin  with  a  floorbeam  hanger.  This  is  not 
a  very  good  detail,  as  it  is  difficult  and  expensive  to 
brace  this  hanger  against  swinging  on  the  pin.  Some 
designs  use  rods  aftached  near  the  bottom  of  the  hanger 
and  to  the  next  bottom  chord  pins;  others  brace  the 
bottom  of  the  hanger  by  angles  riveted  thereto.  In 
some  designs  the  vertical  post  is  extended  below  the 
chord  pin  and  the  floorbeam  is  riveted  thereto.  A  better 
detail  for  the  floorbeam  is  a  riveted  connection  to  the 
vertical  post  above  the  bottom  chord. 

Floorbeams  do  not  generally  require  intermediate 
stiffeners,  except  in  designs  where  the  stringer  rests 
above  the  floorbeam;  as  the  space  between  the  end  of 
floorbeam  and  the  stringer  is  usually  but  a  few  feet 

Floorbeams  usually  require  a  six  inch  leg  of  an  angle 
against  the  web  in  order  to  get  in  enough  rivets  up  to 
the  stringer  connection  for  the  flange  stress.  There 
Is  an  advantage  in  having  the  horizontal  legs  of  the 
floorbeam  angles  short,  as  in  the  ordinary  deslgrn  there 
will  be  a  tie  on  each  side  of  the  floorbeam,  and  the  open 
space  should  not  be  too  wide.  For  this  reason  extra 
wide  flange  plates  should  not  be  used,  if  flange  plates 
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&r6  needed,  but  the  flanfce  plates  should  be  kept  down 
In  width  80  as  not  to  exceed  the  width  of  the  flange 
angles. 

StriBscr  Details— Stringers  may  be  of  rolled  or  built 
beams.  One  or  two  rolled  beams  may  be  used  under 
each  raiL  Single  beams  are  very  much  more  economical 
(ban  double  beams,  but  lack  of  head  room  may  demand 
the  shallow  double  beams.  A  pair  of  beams  is  consid- 
ered safer  in  case  of  derailment. 

Built  stringers  are  best  made  without  cover  plates. 
as  the  latter  make  the  fitting  of  ties  more  expensive,  be- 
cause of  the  rivet  heads  and  the  different  depths  of 
dapping  or  notching. 

Stringers  are  usually  connected  with  end  angles  to 
the  web  of  the  floorbeam.  The  space  between  top  of 
stringer  and  top  of  floorbeam  must  be  less  than  the  depth 
of  tie  after  notching,  by  one-half  inch  or  more. 

Jack  stringers  or  safety  stringers  are  extra  stringers 
used  outside  of  the  regular  track  stringers  as  a  pre- 
caution in  case  of  derailment.  They  are  seldom  em- 
ployed. 

Bellied  stringers  and  floorbeams  are  sometimes  used 
for  their  supposed  economy.  These  have  the  bottom 
flanges  in  curved  or  broken  lines.  There  is  no  economy 
in  this  style  of  construction.  The  corner  of  the  web 
plate  that  is  cut  away  is  chiefly  scrap  and  would  not 
pay  for  the  extra  shop  work  on  the  beam.  Bends  in 
members  under  stress  set  up  transverse  stresses  that 
greatly  diminish  the  effectiveness  of  the  members. 

Shallow  stringers  generally  need  two  rows  of  rivets 
in  the  'flange  angles  to  take  the  flange  Increment  from 
the  web.  In  such  cases,  if  6  in.  by  4  in.  angles  are  used, 
the  6  in.  leg  should  be  against  the  web. 

Lateral  Bmdng — Stringer  laterals  are  the  laterals 
used  in  the  plane  of  the  top  flanges  of  a  pair  of  string- 
era  They  usually  consist  of  single  angles  of  a  size 
to  keep  the  ratio  of  slendemess  within  the  specified  126. 
The  diagonal  radius  of  gyration  governs,  so  that  a  8  in. 
by  t  in.  angle  should  not  be  more  than  76  in.  long  in 
the  clear;  a  8^  in.  by  8 H  in.  angle.  88  in.  long;  and  a 
4  in.  by  4  in.  angle,  100  in.  long.  These  laterals  should 
have  an  inclination  of  about  46  degrrees.  The  end  lateral 
of  a  panel  should  be  connected  to  the  floorbeam  by  a 
lug  and  not  merely  conhected  to  the  top  flange  of  the 
stringer. 

Stringer  laterals  and  all  connections  on  the  top  of 
stringers  should,  if  possible,  be  kept  below  the  top  flange. 
The  laterals  must  be  turned  down  and  should  be  far 
enough  below  the  top  of  stringer  to  clear  the  ties.  If 
the  connection  plate  is  riveted  on  the  under  side  of  the 
stringer  flange  and  the  lateral  is  riveted  below  this, 
the  lateral  angle  will  generally  clear  the  bottom  of  the 
tie. 

The  laterals  of  a  deck  plate  girder  span  must  also  be 
turned  down  to  clear  the  ties.  The  end  lateral  must  be 
connected  to  the  top  strut  of  the  sway  frame  by  enough 
rivets  to  take  the  component  of  its  stress  transversely 
with  the  girder.  This  detail  of  design  is  often  over- 
looked. Sometimes  the  top  lateral  is  merely  connected 
to  the  top  flange  of  the  girder;  thus  the  full  shear  of 
the  lateral  system  would  have  to  go  into  the  girder 
flangea 

^when  I-beam  stringers  or  spans  require  laterals  they 
may  be  connected  to   the   bottom  flanges  or  better   to 
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anerles  riveted  to  the  webs  of  the  stringrers.  It  Is  bei 
not  to  connect  anything  to  the  bottom  flanere  of  9i 
I-beam,  as  the  effective  strengrth  of  the  beam  is  ver 
much  diminished  by  holes  in  the  flangre.  Holes  in  to 
web  are  not  detrimental.  Where  truss  laterals  are  rii 
eted  to  stringrers  at  intersections  flange  holes  cann^ 
be  avoided.  In  such  cases,  however,  the  holes  seldo 
come  near  the  middle  of  panel,  where  the  bending  m^ 
ment  is  the  greatest.  J 

I-beam  spans  composed  of  two  or  three  stringers  ui 
der  each  rail  are  often  made  without  laterals.  Whfl 
laterals  are  used,  they  are  connected  to  the  webs  i 
the    inner    beams. 

Deck  girder  spans  often  have  a  bottom  lateral  sy 
tem  in  addition  to  the  top  lateral  system.  Some  d 
signers  use  such  a  system  in  spans  more  than  40  fe^ 
in    length.  I 

The  lateral  system  of  a  structure  is  the  combinatid 
of  braces  and  struts  that  resists  the  wind  forces  tendin 
to  push  the  structure  sidewise.  A  complete  lateral  syi 
tem  is  a  truss  requiring  chords  and  web  members;  usv 
ally  the  chords  of  the  trusses  or  girders  supply  to 
former,  and  very  often  the  floorbeams  contribute  to  to 
latter.  A  simple  Warren  truss,  with  its  atifl  diagonal 
does  not  require  struts  at  right  angles  to  the  truss^ 
or  girders;  but  where  two  braces  cross  between  flooj 
beams,  the  latter  act  as  struts  in  the  lateral  systen 
This  feature  of  a  lateral  system  is  often  overlooked,  an 
the  laterals  are  connected  to  the  truss  chords  only,  lea] 
ing  the  floorbeam  without  connection  except  throug 
the  medium  of  its  attachment  to  the  post  of  the  trua 
Again,  in  some  designs  the  fact  is  overlooked  that  to 
bridge  chords  are  chords  for  the  lateral  system  as  wei 
and  laterals  ar^  attached  to  the  bottom  flange  of  tn 
floorbeam,  leaving  the  component  of  the  lateral  strd 
in  the  direction  of  the  chords  without  provision.  Son 
very  gross  blunders  are  made  in  this  way,  a  heavy  laj 
oral  force  being  applied  sidewise  on  the  end  connectio 
of  a  floorbeam.  Another  error  very  often  made  is  1 
the  connection  of  the  end  lateral.  This  is  sometinM 
connected  only  to  the  chord  and  sometimes  only  to  tt 
end  strut  or  end  floorbeam.  The  end  lateral  sbou 
have  a  good  connection  to  the  truss  chord  or  to  the  sh^ 
and  to  the  end  strut  or  end  floorbeam.  This  lateii 
member  is  the  most  important  of  the  system,  as  it  tak< 
the  greatest  stress. 

Laterals  should  be  nearly  In  the  plane  of  the  cho: 
of  the  truss  and  connected  as  nearly  central  as  pr& 
ticable,  though  the  importance  of  central  connection  a 
location  is  very  often  overrated.  More  is  accomplish 
by  a  simple  and  rigid  connection  and  a  location  of  t1 
laterals  in  the  plane  of  the  cover  plate  of  a  cho 
than  by  attempting  to  center  the  laterals  in  the  math 
matical  center  of  gravity  of  the  chord,  with  the  clumi 
connection  that  this  would  demand. 

Sometimes  the  bottom  laterals  of  a  through  span  a 
attached  to  the  bottom  ends  of  the  vertical  posts, 
such  cases  the  posts  must  be  capable  of  witnstandin 
the  bending  moment  caused  by  the  force  of  the  latera 
In  the  direction  of  the  chord.  Furthermore  the  latera 
must  be  centered  under  the  post  to  avoid  the  twistiil 
that  would  result  from  eccentric  connection. 

The  stringers  should  be  connected  to  the  latera 
at  Intersections,  unless  some  other  provision  is  made  f^ 
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taking  the  tractive  force.  This  Is  the  force  produced 
by  a  train  sliding  on  the  rail  when  the  brakes  are  set. 
iJnless  some  provision  Is  made  to  carry  this  force  Into 
the  erlrders  or  trusses  by  use  of  braces,  It  will  be  a 
damaglnff  side  force  on  the  floorbeams. 

The  present  tendency  Is  to  use  only  riveted  members 
for    nearly    all    lateral    bracing.    Flats    should    not.    In 

freneral,  be  used,  for  If  a  flat  Is  punched  a  very  small 
ractlon  or  an  Inch  too  long.  It  will  buckle  and  be  un- 
sightly. Besides  this  the  rigidity  will  be  diminished, 
as  deflection  would  be  required  before  a  buckled-  flat 
could  come  Into  action.  These  objections  do  not  hold 
against  angles,  as  these  are  stiff  enough  to  retain  their 
■tralghtness  against  drifting  or  reaming  of  the  holes. 

Adjustable  square  and  round  rods  are  sometimes 
used  for  laterals.  These  may  be  connected  to  the  lateral 
plate  by  forked  loops  or  by  clevis  nuts,  or  they  may  be 
connected  to  the  pin  by  a  wing  plate.  The  latter  Is  not 
a  very  good  detalL  When  used,  there  must  be  a  square 
vrasher  fitting  against  the  bend  In  the  plate.  If  the 
lateral  stress  Is  comparatively  large,  there  should  be 
some  provision  for  taking  the  component  of  stress  In 
the  direction  of  the  axis  of  the  pin.  In  one  design  this 
was  accomplished  by  an  extra  Jamb-nut  against  the 
floorbeam  on  a  threaded  extension  of  the  pin. 

Sometimes  the  floors  themselves  may  be  depended  upon 
for  wind  bracing.  A  buckle  plate  floor  or  trough  floor 
needs  no  diagonal  bracing.  If  the  floor  Is  near  the  plane 
of  the  chords  and  rigidly  attached  to  the  truss.  Wooden 
floors  should  not  be  relied  upon  for  bracing,  unless  they 
are  supplemented  by  steel  oradng  that  will  hold  the 
structure  against  collapse  In  case  the  wood  should  burn 
away. 

In  a  structure  where  reliance  Is  placed  on  other  than 
diagonal  bracing  provision  should  be  made  for  bracing 
against  the  wind  during  erection.  Structures  very  often 
fall  during  erection  because  of  Insufficient  temporary 
bracing. 

Sway  Bracing — ^The  sway  bracing  of  a  bridge  Is  the 
bracing  In  a  transverse  plane  that  holds  the  bridge  from 
sldewlse  motion.  In  deck  girder  spans  the  frame,  con- 
sisting of  cross  braces  and  top  and  bottom  struts,  per- 
forming this  office,  is  called  a  sway  frame,  or  a  brace 
frame,  or  a  cross  frame.  They  are  designated  end  sway 
frame  and  Intermediate  sway  frame  according  to  the 
location.  Intermediate  sway  frames  are  used  In  deck 
spans  at  distances  of  18  to  18  feet  apart  There  Is  no 
calculable  stress  In  these.  They  are  made  to  conform 
to  the  other  parts  of  the  Structure.  In  ordinary  spans 
the  braces  are  made  of  about  8  by  8  angles  with  three 
or  four  end  rivets.  The  end  sway  frame  must  take  the 
end  lateral  shear  down  to  the  support.  It  must  have 
direct  connection  to  the  end  top  lateral  and  also  con- 
nection to  the  girder  or  shoe  at  the  bottom.  If  there  Is 
a  bottom  lateral  system,  the  end  lateral  of  this  system 
should  also  be  connected  to  the  end  sway  frame.  It  Is 
not  good  design  to  have  this  frame  connected  merely  to 
the  end  stiffeners. 

The  sway  bracing  of  through  girder  spans  usually 
consists  of  triangular  gussets,  sometimes  stiffened  on 
the  edges  with  angles.  These  may  be  attached  to  the 
top  of  each  floorbeam  and  to  stiff ener  angles,  or  the 
srusset  may  be  a  continuation  of  the  floorbeam  web. 
in   solid   floor   bridges   the   gussets  are  attached   to   the 
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floor  trouffhs  or  to  the  cross  beams  at  Intervals  of  elsrht 
to  twelve  feet  In  througrh  grirder  spans  with  ties  from 
ffirder  to  eirder  a  latticed  strut  is  placed  between  ties 
at  intervals;  these  struts  have  sussets  connectin^r  to 
the  ffirders.  Similar  struts  may  be  embedded  in  a  re- 
inforced concrete  slab. 

If  a  throuffh  girder  span  has  no  end  floorbeam  tlie 
•nd  strut  should  be  deep  and  latticed  or  should  have 
diagonal  angles.  The  gusset  plate  may  be  on  this  strut. 
All  girders  should  have  end  sway  braces  of  some  sort. 
In  a  skew  f pan  a  frame  may  be  introduced  between  the 
end  of  girder  and  the  stringer. 

When  trusses  are  high  and  spaced  comparatively 
near  together,  so  that  a  single  pair  of  braces  would 
make  a  sharp  angle  with  the  vertical,  there  should  be  an 
intermediate  strut  in  the  sway  frame  to  make  the  bracing^ 
more  rigid. 

Sway  bracing  in  truss  spans  may  consist  of  adjust- 
able  rods  instead   of  angles. 

Sway  bracing  of  through  truss  spans  is  sometimes 
effected  by  a  deep  top  strut  and  knee  braces  to  the 
truss  posts.  Where  the  overhead  clearance  permits  a 
sub-strut  is  used,  and  sway  rods  or  sway  braces  made 
of  angles  are  used  between  this  sub-strut  and  the  top 
lateral  strut.  There  is  no  way  of  calculating  the  stress 
in  this  sway  bracing. 

Some  specifications  require  that  sway  bracing  In  decK 
truss  spans  be  capable  of  carrying  one-half  ox  the  live 
load  panel  load  across  to  the  other  truss.  This  may  be 
useful  as  a  standard  to  gage  the  size  of  sway  braces, 
though  it  would  often  give  excessive  and  wasteful  sizes 
of  members.  It  Is  impossible  for  sway  bracing  to  equal- 
ize the  load  on  two  trusses.  For  if  two-thirds  of  a  certain 
load  on  a  floorbeam  is  carried  to  one  truss  by  that  floor- 
beam  exactly  two-thirds  of  that  load  will  be  borne  by 
that  truss  to  its  support  on  the  masonry.  So  If  a  sway 
frame  could  carry  a  load  from  one  truss  to  another.  It 
would  have  to  be  delivered  back  to  the  first  truss  before 
the  support  is  reached. 

Some  specifications  require  that  In  double  track 
bridges  where  there  are  three  trusses  the  trusses  be 
made  of  equal  strength  and  that  the  sway  bracins  be 
made  capable  of  carrying  across  the  extra  load  from 
the  middle  truss.  This  is  almost  as  absurd  as  the  re- 
quirement mentioned  in  the  last  paragraph.  It  w^uld 
require  ideal  and  perfectly  rigid  connections  of  sway 
frames  to  truss.  The  sway  frame  would  have  to^  be 
designed  like  a  cross  beam  or  girder,  with  continuous 
top  and  bottom  flanges.  The  interference  at  trusses 
would  make  this  very  difl!icult.  It  is  seldom  attempted. 
A  sway  frame  is  merely  what  Its  name  implies,  an^  it 
cannot.  In  the  majority  of  cases,  be  made  to  distribute 
vertical  loads;  It  should  not  in  any  case. 

Pony  Tmas — A  pony  truss  is  one  that  Is  not  high 
enough  to  have  overhead  struts  or  bracing.  Pony  trusses 
are  not  often  used  in  railroad  bridges,  though  they  are 
not  uncommon  in  trolley  spans.  The  top  chord  of  a 
pony  truss  must  be  held  against  swaying  by  a  gusset 
or  brace  at  each  floorbeam  or  bv  a  system  of  brac«*s 
outside  of  the  truss  at  each  floorbeam.  (See  Godfrey's 
Tables,  pp.  137,  139.)  . 

Portals — Portal  is  the  name  given  to  the  sway  frame 
In  the  plane  of  the  end  posts  of  a  through  span.  The 
stress  in  a  portal  Is  calculable  as  the  portal  must  carry 
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the  top  lateral  load  into  the  end  post,  which  in  bending 
takes  this  load  to  the  shoes.  The  best  form  of  portal  is  a 
simple  one  of  few  parts  and  these  of  sections  capable  of 
taking  compression.  One  top  strut  at  the  hip  and  two 
braces  from  the  middle  of  this  to  some  intermediate  points 
on  the  end  posts  should  constitute  the  principal  members 
In  a  simple  portal.  Portals  are  often  made  of  an  upper 
and  lower  principal  strut  and  small  knee  braces  from  the 
lower  strut  to  the  post,  when  they  would  be  very  much 
better  if  made  on  the  same  outlines  but  with  the  lower 
strut  composed  of  short  pieces  stiftening  the  main  braces. 


(a) 


\  /  \  / 


^ 


(b> 


Fia.l. 


In  Fig,  1  two  portals  are  shown  of  the  kind  just  re- 
ferred to.  In  the  sketch  at  (a)  two  main  braces  are 
ihown  in  full  lines.  The  members  shown  dotted  are  sub- 
ordinate. At  (b)  a  portal  is  shown  that  has  as  a  princi- 
pal member  a  sub-strut,  the  members  shown  dotted  belngr 
subordinate.  The  advantage  of  the  first  lies  in  the  fact 
that  the  end  post  is  firmly  held  at  the  foot  of  the  brace, 
whereas  in  the  second  it  is  held  at  the  bottom  strut,  the 
knee  brace  being  too  ligrht  for  the  purpose.  This  reduc- 
tion of  the  space  from  the  shoe  to  the  point  where  the 
end  post  is  rigidly  held  by  the  portal  greatly  diminishes 
the  bending  moment  on  the  end  post.  Fig.  1  at  (b)  illus- 
trates a  very  common  error  in  portal  designing. 

It  adds  to  the  simplicity  of  a  portal  if  it  is  placed  in 
the  plane  of  the  top  plate  of  the  end  post  instead  of  the 
plane  of  the  pins.  Portals  are  often  carefully  placed  in 
the  plane  of  the  pins,  and  by  connecting  the  foot  of  the 
brace  to  the  middle  of  one  web  of  the  end  post  the  effi- 
ciency Is  reduced  very  much  more  than  it  would  be  by 
disregarding  the  theoretical  requirement  for  central  con- 
nection and  placing  the  portal  in  the  plane  of  the  top 
plate  of  the  end  post,  thus  securing  good  solid  connec- 
tions. When  the  portal  is  placed  in  the  plane  of  the  pins, 
there  should  be  a  diaphragm  between  the  webs  ox  the 
end  post  where  the  bottom  struts  or  main  braces  con- 
nect    (See   Godfrey's   Tables,   p.    138.) 

When  the  distance  between  trusses  Is  such  that  two 
angles  will  not  make  a  stiff  strut,  the  portal  strut  should 
be  made  of  four  angles  latticed,  the  depth  being  that  of 
the  end  post  and  connection  being  made  to  the  upper  and 
lower  side  of  the  end  post. 

Deep,  heavy  portals  with  top  and  bottom  struts  and 
small  knee  braces  should  be  calculated  without  any  ref- 
erence to  the  knee  brace.  This  can  be  considered  as  an 
ornament  and  detailed  accordingly. 

It  is  very  important  that  the  top  strut  of  a  portal 
have  direct  connection  to  the  top  lateral  system,  so  that 
the  shear  of  the  top  lateral  system  will  be  carried  directly 
into  the  portal. 
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Selection  of   Seetlone   of  Troae   Members. — ^The  me 
bers  of  a  truss  must  be  designed  with  regard  to  the  ( 
tails  that  will  be  used,  such  as  connection  of  floorbeai 
to  the   truss,  lateral  and  sway  connections,  etc.     Mei 
bers  similarly  placed  in   the   truss  should   have  slmil 
shapes.     Vertical   posts   made   of   two   channels   lattic 
if  placed  with  the  web  of  channel  parallel  with  the  pla 
of    truss,    should    be    made    of    channels    that    are    wl 
enouflrh  to  let  in  the  end  connection  angles  of  the  floe 
beam.    Hip  verticals  should  be  made  stiff  members;  ge 
erally  the  longitudinal  lateral  thrust  produces  a  ben 
Ing  moment  on  this  member,  due  to  the  fact  that  t 
plane  of  the  laterals  does  not  coincide  with  that  of  t 
bottom  chord  of  truss.     Very  often  the  two  end  pant 
of  bottom  chord  are  stiff  members;   this  should  alw& 
be   the  case   where   the  lateral   compression   in   the  ei 
panel  exceeds  the  dead  load  tension  in  that  member. 
Where  practicable  the  axis  through  center  of  gravl 
of  all  members  coming  to  any  joint  should  intersect 
the  same  point.    This  is  very  important  in  pin-connectt 
members.     It  is  not  so  important  in  riveted  work,  as 
little  eccentric  stress  may  be  divided  up  among  the  dl 
ferent  Intersecting  members,   or  it  may  be  counteract) 
by    eccentricity    of   some    other   member  intersecting  i 
the  same  point.     At  the  hip  of  a  truss,  for  example,  e 
centricity   of   the   end   post  may   offset   that   of   the  t< 
chord.     Chord  sections  should  not  be  given  so  large  i 
eccentricity  that   there  will  not  be   room  for   the  he 
of   eye-bars,   when    the   pin   is   placed    in    the    center 
gravity   of   the   section,    or   that   there   will    be   requi 
special  heads  on  the  bars.    The  channels  of  the  top  cho: 
must  be  selected  with  a  view  of  allowing  the  eye-b 
In  with  clearance  below  the  cover  plate. 

Angles  used  as  truss  members  may  have  the  rivi 
line  considered  as  the  axis  in  legs  taking  a  single  rd 
of  rivets,  or  the  line  nearest  the  heel  of  angle,  whi 
there  are  two  rows  of  rivets. 

Viaducts. — ^Viaducts  in   single   track   railroad   brldgi 
generally  require   the   posts   to   be   battered   In   order 
spread  the  base  for  lateral  stability.     Usually  the  poa 
are  spaced  at  the  top  a  distance  equal  to  the  spacing 
the  girders,  and  each  post  is  bat'tered  a  foot  horizont 
for  six  feet  of  height.     Sometimes  a  cross  girder  will 
used  between  the  tops  of  the  posts,  and  the  track  girde 
will  be  connected  to  this  cross  girder.    Double  track  vi 
ducts  and  highway  viaducts  are  better  with  vertical  poa 
In  the  bents.  .  .       . 

Battered  posts  in  viaducts  must  have  provision  I 
taking  the  thrust  at  top  and  bottom  of  the  post.  Genfl 
ally  a  strut  is  used  at  both  top  and  bottom  of  the  bei 
These  struts  must  be  suitably  connected  to  take  thi 
respective  stresses  of  compression  and  tension.  The  ^rr 
is  sometimes  committed  of  allowing  the  thrust  at  t 
bottom  of  a  battered  post  to  be  taken  by  the  mason^ 
pedestal.  This  Is  not  an  uncommon  error  where  pea« 
tals  are  on  different  levels.  ^      ^       ^ 

A  discussion  of  the  economic  span  length  of  a  vi 
duct  will  be  found  elsewhere  in  this  chapter.  For  ordjl 
ary  heights  of  posts  and  ordinary  cost  of  pedestals  v 
economic  span  length  lies  between  20  and  30  feet,  t 
spans  equal.  A  tower  need  not  be  used  but  for  abo| 
every  third  or  fourth  span.  If  the  towers  and  posts  a 
very  high,  their  weight  Is  relatively  more,  and  the  tow 
bracing  is  also  heavier,  also  the  towers  would  have 
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be  in  every  other  span.  A  common  standard  for  rail* 
road  viaducts  is  alternate  60  foot  and  80  foot  spans,  the 
latter  being  tower  spans.  For  hiffh  posts  and  towers 
this  is  an  economic  arrangrement. 

Tower  bracingr  in  a  viaduct  in  planes  transverse  with 
the  axis  of  the  bridge  is  to  resist  wind  forces;  that  in  the 
loncritudinal  direction  Is  for  tractive  forces.  These  braces 
must  be  detailed  with  a  view  of  taking  their  vertical  and 
horizontal  components  Into  the  posts  and  struts  respect- 
ively. Where  there  are  heavy  tractive  forces,  the  top 
brace  sometimes  requires  a  connection  to  the  girder  as 
well  as  the  nost. 

A  common  standard  for  tower  braces  consists  of  di- 
agronals  of  angles  in  pairs,  separated  and  joined  by  bat- 
tens at  intervals  of  two  or  three  feet  or  by  lattice;  and 
struts  of  two  angles  or  four  angles  latticed. 

Swspciftders — Sometimes  in  lieu  of  roller  bearings  at 
expansion  ends  of  spans  pin-ended  suspenders  are  used. 
These  have  been  used  in  girder  spans.  This  sort  of  con- 
struction is  scarcely  to  be  recommended  in  any  ordinary 
case. 

Rocker  Bents — ^A  rocker  bent  may  often  be  used  to 
advantage  for  the  expansion  end  of  a  span.  This  con- 
sists of  a  braced  bent  the  posts  of  which  have  pins  at 
top  and  bottom.  The  lower  pin  is  In  a  shoe  on  the  ma- 
sonry and  the  upper  pin  takes  a  shoe  on  the  girder  or 
truss  or  is  connected  directly  to  the  same. 

AttackBMnt  of  Latemls  to  Stringers — In  railroad  and 
trolley  bridges  having  stringers,  generally  .the  laterals 
should  be  attached  to  the  stringers  at  intersections.  This 
should  be  the  case  whether  the  stringers  have  their  own 
lateral  bracing  or  not.  The  purpose  is  to  provide  for 
the  tractive  load  on  the  stringers.  This  Is  the  force  pro- 
duced by  the  sliding  of  the  moving  load  on  the  rails 
In  stopping,  and  it  is  generally  taken  as  two-tenths  of 
the  live  load.  If  the  laterals  are  rods,  or  if  It  Is  imprac- 
ticable to  connect  them  to  stringers,  special  stiff  braces 
may  be  used  between  floorbeam  and  stringer  to  take  this 
force  into  the  chords  of  the  bridge. 

Hlgkway  Bridges— Highway  bridges  are  not  usually 
designed  with  the  same  standard  of  excellence  as  rail- 
road bridges.  This  is  justified  in  part  by  the  fact  that 
their  specified  loads  are  rarely  realized  or  approached. 
whereas  railroad  bridges  are  very  frequently  loaded 
nearly  or  quite  to  their  nominal  capacity. 

There  are  very  many  varieties  of  floors  and  floor- 
systems  in  highway  bridges.  A  system  often  used  for 
ordinary  roadways  consists  of  a  timber  floor  deck  laid 
on  wooden  or  rolled  steel  stringers  spaced  two  or  three 
feet  apart.  The  size  of  the  stringers  will  generally  be 
determined  by  the  specified  concentrated  load  rather  than 
the  uniform  load.  The  best  practice  is  to  consider  the 
two  wheel  loads  carried  by  a  single  beam,  though  the 
timber  floor  would  take  some  portion  of  this  load  to  the 
adjacent  beams.  These  stringers  may  rest  on  top  of  the 
floorbeam,  being  riveted  to  the  top  flange;  but  it  is  better 
to  frame  them  into  the  side  of  the  floorbeam. 

Reinforced  concrete  floor  slabs  on  stringers  spaced 
about  live  feet  apart  make  an  excellent  floor  for  road- 
ways. A  stringer  should  be  located  where  each  rail  of 
a  car  track  is  located  or  is  apt  to  be  located  at  some  fu- 
ture time.  Car  loads  are  so  much  heavier  than  wagon 
loads  that  the  slab  that  would  bear  the  concentrated 
load  of  a  wagon  wheel  may  not  bear  that  of  a  car.    The 
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usual  distance  between  rails  on  trolley  tracks  Is  the  same 
as  for  steam  roads,  namely,  a  gage  between  heads  of 
rails  of  4  ft.  8^  In.  or  a  distance  between  centers  of  rail 
of  about  4  ft.  11  in.  The  trolley  tracks  in  Pittsburgh  have 
the  rails  about  5  ft.  2^  in.  apart  center  to  center. 

Sidewalk  Brackets — One  of  the  most  troublesome 
parts  of  a  highway  bridge  design  is  the  sidewalk  bracket 
and  its  connection  to  the  floorbeam.  Many  designs  do 
not  adequately  take  care  of  the  top  and  bottom  flange 
stresses  of  a  sidewalk  bracket.  In  a  through  plate  girder 
span  the  top  flange  tension  may  be  taken  by  a  plate 
passing  through  a  vertical  slot  in  the  girder  web.  In  a 
truss  span  the  same  kind  of  a  plate  may  pass  through 
the  post.  A  post  of  the  built  I  Section  or  of  four  angles 
latticed,  if  placed  with  the  web  normal  to  the  truss,  will 
allow  a  plate  between  the  angles.  Heavy  brackets  some- 
times have  angles  or  plates  passing  outside  of  the  truss 
post  and  connecting  to  the  bracket  and  floorbeam.  There 
should  in  all  cases  be  a  positive  connection,  as  direct  as 
possible,  between  the  top  flange  of  the  floorbeam  and  that 
of  the  sidewalk  bracket,  avoiding  tension  on  rivet  heads 
where  possible,  or  providing  sufficient  rivets  and  heavy 
enough  connection  angles  to  reduce  that  tension  to  low 
amounts. 

The  compression  in  the  bottom  brace  of  the  sidewalk 
bracket  is  not  so  difficult  to  provide  for,  but  this  too  is 
sometimes  neglected  or  only  partially  taken  care  of.  For 
example  a  bottom  brace  of  a  sidewalk  bracket  may  con- 
nect to  the  web  of  a  post  where  no  diaphragm  extends 
through  the  post  to  take  the  force  into  the  floorbeam. 

Lateral  Bracing  of  Highway  Bridges — ^Light  highway 
bridges  are  very  often  made  with  rods  in  lateral  and 
sway  systems.     In  heavy  rigid  work  angles  are  used. 

Higliway  Viaducts — Highway  viaducts  should  gener- 
ally be  made  with  vertical  posts.  The  width  between 
posts  is  sufficient  to  give  a  broad  enough  base,  and  the 
vertical  posts  make  much  simpler  construction. 

Floor  D<k;1ui — The  timber  floor  deck  in  bridges  Is  va- 
riously constructed.  Sidewalks  and  foot  bridges  usually 
have  the  stringers  or  other  supports  spaced  about  2  or  3 
feet  apart.  If  the  sidewalk  stringers  are  spaced  six  feet 
or  so  apart,  cross  timbers  may  be  laid  across  these  and 
the  floor  planking  laid  longitudinally.  The  usual  thick- 
ness of  planking  is  1^  or  2  inches. 

While  the  load  on  a  sidewalk  is  specifled  as  uniform, 
there  is  liable  to  be  a  heavy  concentration,  such  as  the 
foot  of  a  horse  or  a  wheelbarrow  load.  Assume  this  con- 
centration to  be  500  lbs.  and  the  planks  6  in.  wide.  The 
span  for  a  plank  can  be  taken  as  the  clear  distance  be- 
tween Joists  or  stringers,  as  only  this  one  plank  will  re- 
ceive a  load  under  the  conditions  given:  the  joists  will 
be  held  rigid  by  the  other  planks.  It  will  be  found  that 
with  a  fiber  stress  on  the  wood  of  1000  lbs.  per  sq.  in.  the 
joists  should  be  spaced  with  a  clear  distance  apart  not 
more  than  eight  times  the  square  of  the  thickness  or 
boards.  Boards  1%  In.  thick  would  then  have  a  clear 
span  of  18  inches,  and  2  in.  boards  would  have  a  clear 
span  of  32  inches. 

Roadway  floors  on  highway  bridges  may  have  a  deck 
of  one  or  two  thicknesses  of  planks.  Sometimes  the 
lower  layer  Is  laid  diagonally  and  the  top  layer  is  laid 
transversely.  The  thickness  of  planks,  if  there  Is  but 
one  layer,  should  be  proportioned  for  the  maximum  load 
to  be  carried  by  the  floor.    This  load  is  the  weight  of  one 
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wheel  of  the  specified  wagon  load.  For  example,  sup- 
pose a  10-ton  wagon  on  four  wheels  is  the  load  to  be 
carried.  The  concentration  of  6000  lbs.,  or  one  wheel, 
may  come  on  the  center  of  span  of  one  plank  of  the  floor. 
If  the  plank  is  assumed  to  be  12  inches  wide,  with  the 
units  used  in  the  last  paragraph,  the  clear  span  of  floor- 
ing should  be  1.6  times  the  square  of  the  thickness. 

A  good  method  of  preventing  the  slipping  of  horses 
on  highway  bridge  floors  on  a  grade  is  to  use  transverse 
planks  between  the  track  rails  alternating  say  2Vi  and 
I  inches  in  thickness. 

The  life  of  the  lower  layer  of  timber  in  a  bridge  floor 
or  of  the  stringers  is  greatly  increased  by  placing  tarred 
felt  over  the  top  in  laying. 

Heavy  floors  for  roadways  are  usually  made  on  buckle 
plate  or  trough  plate  construction  or  on  reinforced  con- 
crete slabs.  Standard  troughs  are  rolled  for  the  purpose. 
The  troughs  are  usually  laid  across  the  stringers.  Con- 
crete may  be  laid  on  the  troughs  or  buckle  plate  up  to 
a  level  of  2  inches  or  more  above  the  metal,  and  this  may 
be  finished  with  a  layer  of  asphalt  2  or  3  inches  thick. 
Or  a  sand  cushion  may  be  laid  over  the  concrete  and  the 
floor  paved  with  brick  or  wooden  blocks. 

A  gooil  solid  floor  for  highway  bridges  is  made  by 
first  putting  down  a  complete  floor  of  treated  timber  with 
close  Joints,  preferably  tongued  and  grooved.  Upon  this 
is  laid  a  cushion  of  sand,  and  the  floor  Is  paved  with 
brick  or  blocks. 

A  number  of  different  styles  of  railroad  bridge  floors 
will  be  found  on  pages  141,  142,  147,  etc.  of  Godfrey's 
Tables.  The  ties  are  generally  notched  over  the  stringers 
or  girders.  Sometimes  the  girder  web  is  made  to  project 
an  Inch  or  so,  and  the  notch  is  made  over  this.  « 

The  size  of  tie  is  generally  determined  by  assuming 
that  a  wheel  load  is  distributed  by  the  rail  over  three 
ties.  The  distance  center  to  center  of  rail  is  taken  as 
five  feet.  The  usual  space  in  clear  between  ties  is  six 
inches.  On  the  tie  a  unit  stress  of  1000  lbs.  per  sq.  in. 
Is  commonly  used.  Assuming  E  50  loading  the  axle  load  for 
ties  would  be  60,000  lbs.  This  would  be  10.000  lbs.  at  each 
end  of  each  tie,  which  would  give  a  bending  moment  of 
10,000x9  =  90.000  in.-lbs.  on  track  with  the  stringers 
spaced  6  ft.  6  in.  apart.  Ties  8  in.  x  8  in.  would  be  stressed 
to  1,055  lbs.  per  sq.  in.  This  size  could  then  be  used. 
With  the  stringers  or  girders  spaced  8  ft.  apart,  using 
the  same  unit  and  load,  ties  would  need  to  be  9x11  or 
8x12. 

On  bridges  with  double  stringers  the  bending  moment 
on  the  ties  is  small.  The  ties  must  be  large  enough  to 
take  a  spike  without  splitting.  A  good  minimum  size 
Is  7  in.  X  7  in.  Sometimes  on  trolley  roads  6  in.  x  6  in. 
ties  are  used. 

Ties  are  usually  held  to  the  stringers  with  hook  bolts. 
These  are  generally  %-in.  round  bolts  squared  to  %  in. 
or  1  in.  at  the  end  and  for  about  3  or  4  in.  into  the  wood 
to  prevent  turning.  About  2%  in.  of  the  squared  portion 
is  bent  over  for  a  hook.  Sometimes  the  bolts  have  heads 
on  the  lower  end  and  washers  or  special  clips  passing 
under  the  stringer  flange.  (See  Godfrey's  Tables,  p. 
136.)  The  bolts  are  generally  used  in  every  second  or 
third  tie.  Sometimes  the  floor  construction  will  permit 
of  the  bolts  passing  through  the  guard-rail  as  well  as 
the  tie.  Sometimes  the  ties  are  bolted  through  holes  in 
the  stringer  flange  but  usually  only  on  bascule  bridges. 
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The  GTuardrail  is  the  timber  (usually  about  €  in. 
8  in.)  located  about  12  in.  to  18  in.  outside  of  the  tri 
rail.  It  is  laid  with  the  broad  side  horizontal  and  is  gc 
erally  notched  one  inch  over  each  tie.  A  %  in.  bolt 
a  %  in.  lasr  screw  may  be  used  to  fasten  the  guardi 
to  the  tie,  one  at  every  second  or  third  tie.  Sometii 
boat  spikes  (large  spikes,  square  in  cross  section) 
used  to  fasten  down  the  guardrail.  A  guardrail 
usually  spliced  with  a  half-and-half  joint  over  a  tle,J 
bolt  passing  through  the  splice  and  tie;  or  the  guardi 
may  be  spiked  with  two  spikes  or  held  with  two  ' 
screws. 

Inside    timber    guardrails    are    sometimes    used 
bridges.     One  standard  spaces  these  with   SH   in-  <!l| 
between  the  hej.d  of  the  rail  and  the  timber  guardrail 

Steel  rails  between  the  track  rails  are  used  on  sc 
bridges.  One  standard  spaces  these  12  in.  on  cent 
inside  of  the  track  rails. 

Gamitlet  Track^-A  gauntlet  track  is  used  where 
tracks    converge    using    a    single    track    bridge   wit 
switches.     The  two  tracks  are  usually  placed  about 
in.  center  to  center,  that  is,  each  track  is  six  inches] 
one  side  of  the  center  of  the  bridge.     The  unequal  1( 
ing  on  the  stringers  and  girders  or  trusses  must  be 
into  account  in  designing  a  bridge  having  a  gauntlet  t| 
of  track.     Each  truss  must  take  the  excess  of  load, 
cannot  be  equalized  by  sway  bracing. 

The  floor  decks  of  trolley  bridges  not  carrying  di 
ways  may  be  designed  similar  to  those  of  railroad  brl( 
though   the  tie  load  and  the  size  of  tie  will  not  bej 
great.     Ties  are  sometimes  used  for  supporting  the  ' 
ley    rails   and    the    driveway    deck    is   laid    on    these, 
shown   on   pages   144   and   145    of  Godfrey's   Tablea 
the  same  book  on  page  139  is  shown  a  floor  of  a  trol 
bridge  where  the  rails  are  bolted  to  steel  work. 
137  shows  a  very  substantial  floor  for  a  bridge  carr] 
no  driveway. 
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CHAPTER  VI. 
Notes  on  Building  Design. 

ColvBUi  Baaea — ^The  cast  bases  of  building  columns 
(office  buildiniTS)  are  ordinarily  made  planed  on  the  top 
surface  and  roukii  on  the  bottom  surface,  except  where 
they  rest  directly  on  grHla,ge  beams.  When  they  rest 
on  erillsige  beams,  they  are  sometimes  bolted  down. 
Sometimes,  however,  when  placed  over  grrillaire  beams 
they  are  not  planed  and  not  bolted  down  but  are  raised 
a,  little  above  the  ffrillagre  beams  and  grouted.  When 
this  is  the  case,  the  bearing  area  of  the  base  should  be 
that  which  would  be  used  on  ston^  foundation,  when 
the  bases  rest  on  plain  concrete  footine^s,  they  are  also 
not  anchored  down  but  are  shimmed  up  a  little  and 
errouted.  For  the  purpose  of  pouring  the  ffrout  one  or 
more  holes  are  left  in  the  bottom  plate  of.  the  base. 
Sometimes  a  hole  is  cored  through  the  middle  of  the  base. 
It  is  best  to  pour  the  srout  througrh  this  central  hole  and 
use  the  other  holes  for  the  escape  of  air.  The  extra 
liead  of  the  liquid  grout  in  the  central  box  of  the  base 
makes  it  penetrate  with  more  .force.  If  the  several  holes 
are  poured  at  once  air  spaces  form  under  the  base.  To 
prevent  the  spread  of  the  grout  a  sand  ridge  is  built  up 
around  the  edge  of  the  base.  The  method  used  in  plac- 
ing the  cast  bases  of  the  West  Penn  Hospital,  Pittsburgh, 
-was  to  rig  up  a  small  hoist  of  timbers  over  the  base, 
and,  with  the  cast  base  suspended  above  its  intended  po- 
sition, to  make  a  mound  of  mortar.  The  base  was  let 
down  on  this  and  correctly  located  and  leveled  as  it  set- 
tled to  place.  Small  stones  or  pieces  of  brick  were  used 
at  the  edges  to  hold  the  base  to  its  proper  level  until  the 
mortar  had  set.  Complete  filling  under  the  base  was 
effected  by  this  means,  after  the  common  method  or 
sprouting  had  failed  to  accomplish  this.  ,.       ^,  .     , 

When  the  cast  column  base  rests  directly  on  steel 
grillage,  the  grillage  must  be  carefully  leveled  and 
brought  to  the  proper  elevation  before  it  Is  concreted  in. 
In  order  to  allow  the  grillage  beams  to  have  some  play 
in  leveling  up.  the  holes  for  the  separator  bolts  are 
usually  made  larger  than  for  other  work.  A  common 
standard  is  16/16-in.  holes  for  %-in.  bolts.  Separators 
for  grillage  beams  should  be  placed  three  or  four  feet 

aoart* 

The  steel  shaft  of  a  column  is  sometimes  brought  Into 
direct  contact  with  the  top  of  the  cast  base,  l^&s  ^oelng 
riveted  on  the  sides  with  bolt  holes  for  connection  to  the 
base.  This  saves  the  steel  base  plate  that  would  other- 
^wise  be  used  on  the  column.  ^     .  ^  «« 

It  U  Important  that  metal  in  ribs  or  webs  be  used  in 
a  cast  column  base  directly  under  the  shaft  of  the  column 
and  approximately  the  same  shape.  This  Is  to  relieve 
the  upper  plate  of  the  column  base  of  the  work  of  dis- 
tributing the  load  of  the  steel  column.  K«,r^«^    «ii« 

When  a  column  pedestal  cannot  project  ^eW**^  *^« 
wall  line,  the  building  columns  are  often  syPPOj-^^^jiO^^* 
cantilever  beam  or  a  set  of  such  beams  or  a  cantilever 
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girder.  This  allows  a  symmetrical  pedestal  to  be  used 
with  its  center  a  few  feet  back  from  the  wall  line.  The 
uplift  of  the  cantilever  is  taken  by  an  interior  column; 
or,  if  the  building  is  narrow,  two  opposite  columns  may 
be  carried  on  the  same  beams,  which  are  supported  on 
two  pedestals  a  distance  apart  less  than  the  distance  be- 
tween the  columns. 

Columit  Sections  and  Detalin — ^In  steel  frame  build- 
ings, where  the  columns  run  continuously  from  story  to 
story,  there  needs  to  be  a  uniformity  of  section,  so  as  to 
simplify  the  splices  and  the  connections  of  the  beams. 
Columns  usually  run  in  two-story  lengths,  as  this  in 
ordinary  cases  gives  sections  that  can  readily  be  shipped 
in  one  car  and  handled  in  erection  without  unusual  rig- 
ging. If  columns  are  very  heavy  or  the  stories  high,  as 
in  the  first  story  of  a  building,  they  may  be  made  in  one- 
story  lengths.  Where  there  is  an  extra  heavy  floor,  the 
section  may  be  varied  at  that  floor  without  a  splice,  as 
by  adding  cover  plates  from  that  floor  down. 

Column  splices  are  usually  made  about  1^  to  2  ft. 
above  the  floor  line.  This  allows  rivets  to  be  driven  in 
the  field  without  scaffolds  and  affords  easy  inspection. 
It  also  avoids  the  complication  with  the  floor  connection 
that  would  result  if  the  splice  were  made  close  to  the 
floor  line. 

A  common  style  of  column  Is  made  up  of  a  web  plate 
and  four  angles,  built  up  in  I-shape.     Heavier  sections 
may  have  cover  plates  across  the  angles.     This  style  of 
column  has  the  advantage  that  all  rivets  are  accessible 
for  cutting  out  and  re-driving.    This  is  especially  desira- 
ble in  the  case  of  rivets  which  take  brackets  for  beams 
and  girders.    Another  advantage  lies  in  the  fact  that  the 
section  can  be  varied  between  wide  limits  without  much 
variation    In    the    general    dimensions.      For    example    a 
basement  column  in  a  12-story  building  has  this  section: 
4  angles  6x4x%. 
1  plate   10x%. 
4  plates    13xV^. 

The  section  of  this  same  column  at  the  tenth  tier  is: 
4  angles   5x3V^x%. 
1  plate  10x%. 

Above  this  the  column  Is  reduced  to: 
4  angles    4x3x^. 
1  plate    9x%. 

The  next  section  is: 

4  angles  3Hx2i^x^. 
1  plate    8x%. 

There  is  thus  a  reduction  of  more  than  60  per  cent, 
in  area  with  the  same  width  of  web  plate.  There  could 
of  course  be  still  more  difference.  These  columns  up  to 
the  10th  tier  are  made  with  a  distance  of  10 H  in.  back  to 
back  of  angles.  The  others  are  also  made  ^  in.  greater 
iti  width  than  the  width  of  web  plate. 

In  proportioning  these  columns  care  should  be  taken 
to  make  the  variation  in  metal  thicknesses  such  that  the 
upper  columns  will  not  project  beyond  the  lower.  Th« 
change  in  the  straight  shaft  without  cover  plates  should 
be  to  lighter  angles  or  lighter  web.  There  should  not 
be  a  drop  from  a  section  with  thick  cover  plates  to  one 
with  heavier  angles  and  web  and  no  cover  plates. 

Another  style  of  column  is  made  up  of  two  channels 
and  two  plates  in  a  closed  box  section.  Such  sections 
are  permissible  in  buildings,  where  corrosion  from  en- 
trapped  water  Is  not  a  danger.     They  are   not  good    in 
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out-door  work.  This  style  of  column  has  the  advantage 
of  baying  the  metal  located  away  from  the  center  and 
of  having  the  radii  of  gyration  nearly  the  same  in  the 
two  directions.  The  area  can  be  varied  by  adding  more 
cover  plates,  also  by  adding  inside  plates  over  the  webs 
of  the  channels  nearly  as  wide  as  the  channels,  also  by 
adding  plates  against  the  webs  of  channels  between  the 
flang'es.  The  same  general  rules  should  be  observed  in 
changing  sections  as  in  the  other  style  of  column;  that 
is,  the  cross  section  should  not  be  suddenly  changed  in 
shape,  unless  provision  is  also  made  to  distribute  the 
load  from  the  upper  to  the  lower  section.  If  there  is  a 
small  offset,  a  horizontal  5^ -in.  plate  is  sufficient,  but 
if  there  is  a  large  offse^  some  better  provision  should 
be  made.  The  stopping  of  a  cover  plate  may  require  the 
addition  of  a  short  cover  plate  in  the  next  section,  well 
rivited  to  the  same. 

The  box  column  has  this  disadvantage,  namely,  brack- 
ets for  loads  must  be  riveted  on  before  the  column  is  as- 
sembled, and  the  rivets,  if  found  to  be  loose,  cannot  be 
re-driven.  This  applies  to  brackets  at  the  middle  of 
either  side  taking  rivets  other  than  those  connecting  the 
cover  plates  to  the  channels! 

..This  box  shaped  column  can  be  reduced  In  area  in  top 
stories  by  omitting  the  plates  and  substituting  lattice 
to  the  saving  of  some  weight.  It  is  better  sometimes  to 
use  an  excess  of  area  in  the  upper  stories  so  that  one  or 
two  stories  may  be  added  to  the  building  without  much 
revision. 

For  splices  in  a  box  shaped  column,  as  the  foregoing, 
there  should  be  a  horizontal  plate  between  the  two  sec- 
tions, because  of  the  difficulty  of  bringing  the  two  webs 
of  channels  opposite,  and  because  they  cannot  be  held 
in  line  by  splice  plates  on  account  of  the  impossibility 
of  driving  rfvets  through  these  webs.  The  splice  be- 
tween webs  is  then  made  by  use  of  lug  angles. 

Another  style  of  building  column  is  the  Z-bar  column. 
This  Is  made  up  of  four  Z-bars  and  a  web.  It  has  some 
decided  structural  advantages.  The  rivets  are  all  acces- 
sible, there  are  only  two  rows  of  rivets  in  the  shaft,  and 
the  radius  of  gyration  is  nearly  the  same  in  the  two  di- 
rections. Not  all  of  the  mills  roll  Z-bars,  and  they  are 
difficult  to  get  In  a  short  time.  Z-bar  columns  should 
be  spliced  with  plates  connecting  the  outstanding  flanges 
and  with  horizontal  plates,  connected  to  the  Z-bar  webs 
with  lu^  angles. 

An  Ii-shaped  section,  as  rolled  by  the  Gray  process, 
makes  a  good  column.  The  rivets  are  accessible  after 
completion,  and  shop  rivets  are  reduced  to  a  small  num- 
ber. The  thick  metal  required  in  heavy  sections  makes 
drillingr  a  necessity  or  a  desirable  thing.  Punching  of 
thick  metal,  besldep  being  destructive  on  tools,  and  for 
this   rea.son   expensive,   is   apt   to   be   detrimental   to   the 

metal. 

Standard  I  beams  are  sometimes  used  as  columns  for 
one  or  two  stories.  They  do  not  make  good  columns, 
because  the  radius  of  gryration  normal  to  the  web  is  so 
small.  If  kept  within  the  proper  ratio  of  slenderness 
and  given  a  proper  unit  load,  an  I-beam  column  is  not 
economical. 

I-beams  and  channels  as  struts  in  a  building  are  also 
used  to  some  extent.  These  have  the  objection  of  being 
very  slender  or  very  Weak  as  struts,  unless  they  are 
maae    unusually   large,   or   unless   they   can   have   inter- 
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mediate  stays.     They  are  chiefly  useful  to  hold   colum 
in  line  until  the  brick  work  is  built  up  about  the  colum^ 
and  struts. 

Cast  iron  columns  are  much  used  in  buildingr  wor 
They  should  not  be  used  for  continuous  column  woi 
of  hisb  buildinsrs  because  of  the  lack  of  tensile  streneri 
and  consequent  inability  to  resist  swaying  forces  in 
proper  manner.  Cast  iron  columns  may  be  made  in  roun 
or  rectangular  hollow  shapes  or  in  H  shape.  The  thlci 
ness  of  metal  should  not  be  less  than  ^  in.,  preferab! 
more  than  tliis.  Beams  are  connected  to  cast  iron  cd 
umns  by  means  of  a  bracket  and  a  lugr  cu 
on  the  column.  The  bracket  consists  of  a  hon 
zontal  shelf  and  a  supporting  rib  below  it.  To 
shelf  may  project  about  three  inches,  and  tii 
supporting  rib  should  be  not  less  than  six  inchd 
vertically  where  it  Joins  to  the  column.  Each  bed 
should  have  a  rib  directly  under  it.  The  lug  should  haf 
holes  for  bolts  connecting  to  the  web  of  the  beam.  TH 
thickness  of  metal  for  these  parts  should  be  from  od 
inch  up,  depending  on  the  size  of  the  column  and  o 
the  size  of  the  beam  supported.  Cast  iron  columns  shoul 
of  course  be  milled  on  each  end.  They  are  connected  to 
gether  by  flanges  and  bolts  through  the  same. 

Eccentricity  on  builldng  columns  is  seldom  considere 
in  proportioning  the  columns,  unless  there  is  an  unus 
case.      The    eccentric    loads    are    usually    compensatin 
Thus,    the   wall    beams   are   generally   connected    on   t 
outer   side   of   the   column   and    thus   balance   the    bea 
connecting  on  the  inner  side. 

liocation  of  Floor  Beams  and  Constmctloii  of  Flo« 
The  location  or  spacing  of  the  beams  in  a  building  w: 
be  governed  by  the  architectural  features  of  the  bull 
ing  and  by  the  style  of  floor  construction. 

The  light  wooden  floors  in  buildings  are  made  of  on 
inch  tongued  and  grooved  boards,  laid  on  joists  space 
about  16  inches  apart.  For  this  style  of  floor  the  girder 
or  beams  usually  run  In  one  direction  from  column  t 
column,  and  the  columns  are  Joined  by  struts  or  ligo 
beams  in  the  other  direction.  The  Joists,  of  course,  re^ 
on  these  girders  or  on  shelf  angles  on  the  side  of  th 
girders,  The  span  of  the  Joists  is  limited  only  by  th 
capacity  of  the  sizes  obtainable;  for  rigidity  the  span  q 
wooden  Joists  should  not  exceed  about  sixteen  times  thei 
depth. 

Heavier    wooden    floors    may    be    made    of    planks 
inches  or  more  in  thickness  laid  across  wooden  or  8te< 
beams.     On  the  latter  they   may  be  fastened  with  wir 
nails  driven  beside  the  flanges  and  bent  under  the  aB,Tm 
The  spacing  of  beams  may  be  two  or  three  feet. 

So-called  slow  burning  wooden  floors  for  building 
are  sometimes  made  by  placing  2  in.  x  8  in.  or  2  in.  x  6  ii 
pieces  close  together,  the  long  dimension  vertical,  an 
laying  the  flooring  on  these.  This  style  of  floor  has  littl 
to  commend  it. 

In  flat  tile  arch  floors  the  spaces  between  beams  ar 
usually  made  from  four  to  six  feet.  Sometimes  span 
as  wide  as  eight  feet  are  made.  Generally  this  widt 
of  span  should  be  permitted  only,  where  the  beams  ai 
deep,  say  12  or  15  inches.  When  the  floor  covering  Is  t 
be  of  wood,  wooden  sleepers  are  laid  over  the  tiles,  trani 
versely  with  the  beams.  These  sleepers  are  about  S  i1 
deep,  trapezoidal  in  section,  4>eing  about  4  in.  wide  i 
the  base  and  3  in.  wide  on  ton.    The  space  between  sleep 
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ers  is  filled  almost  to  the  floor  line  with  cinder  concrete. 
The  tioorinff  boards  are  nailed  to  these  sleepers.  ;some- 
times  t&rred  felt  is  laid  over  the  sleepers  before  the 
liooringr  boards  are  put  down. 

When  no  combustible  material  is  to  be  used  in  the 
floor,  the  usual  method  is  to  lay  a  bed  of  concrete  over 
the  floor  slabs  or  arches  to  a  depth  of  2  or  3  inches. 
Upon  this  is  put  the  finishing  coat  of  cement  mortar, 
or  tile  or  mosaics  laid  in  cement,  or  composition  floor 
finishes. 

When  tile  arches  are  used  between  beams,  there  must 
be  tie  rods  used  to  take  the  thrust  of  the  arches.  These 
are  usually  %-in.  or  %-in.  rods  with  thread  and  nut 
on  each  end.  They  pass  through  the  webs  of  the  beams, 
the  webs  being  punched  with  pairs  of  holes  (3  in.  apart 
horizontally),  a  pair  being  located  at  each  tie  rod.  These 
tie  rods  are  very  commonly  placed  in  an  illogical  and 
ineffectual  manner.  They  are  often  placed  near  the  top 
of  the  beam,  whereas  they  should  be  near  the  bottom. 
They  are  seldom  adequate  to  take  the  thrust  of  the 
arch,  assuming  the  tile  arch  to  be  Independently 
loaded  and  unassisted  by  the  overlying  sleepers  and 
concrete.  There  are  formulas  for  proportioning  these 
tie  rods,  but  they  are  seldom  made  use  of;  the 
rods  are  spaced  about  four  or  five  feet  apart. 
Of  course  in  adjacent  arches  one  will  resist  the 
thrust  of  the  other,  but  the  arches  along  the  walls  and 
beside  openings  are  not  so  assisted.  It  is  good  practice 
to  space  the  rods  four  or  five  feet  apart  for  interior 
arches  and  half  of  this  distance  for  arches  beside  open- 
ings or  walls. 

Reinforced  concrete  slabs  make  excellent  construction 
for  the  floors  of  buildings.  Beams  may  be  spaced  far- 
ther apart  where  these  slabs  are  used  than  it  is  safe 
to  space  them  with  tile  arches.  In  fact,  they  should 
have  wider  spacing  for  economy.  The  usual  minimum 
thickness  of  slab  is  3  inches.  This  thickness  of  slab 
can  be  used  on  spans  of  8  or  9  feet.  Thicker  slabs  can 
be  used  on  spans  up  to  about  *20  feet.  Near  this  upper 
limit  the  slabs  are  required  to  be  comparatively  thick 
and  they  are  very  heavy. 

On  long  spans,  about  20  ft.  or  more,  ribbed  concrete 
floors  are  lighter  in  weight  than  slabs.  These  have  tile 
fillers  between  reinforced  concrete  joists,  the  tile  and 
Joists  being  flush  on  the  under  side.  These  fibs  may 
be  supported  on  steel  girders  on  the  column  lines. 

Square  slabs  may  be  supported  on  all  four  sides  and 
reinforced  in  two  directions,  chiefly  across  the  middle 
of  the  slab.  This  makes  a  simple  and  satisfactory 
construction,  particularly  so  far  as  the  ceiling  is  con- 
cerned. 

A  common  method  of  floor  construction  is  to  locate 
all  beams  of  a  floor  flush  on  top,  this  top  level  being 
4  in.  below  the  flnished  floor  line.  The  coping  of  beams 
is  saved  by  placing  the  tops  of  floor  beams  1^  in.  below 
the  tops  of  girders. 

Double  beams  have  cast  iron  separators  spaced  about 
6  "feet  apart.  These  are  to  hold  the  beams  together  and 
to  help  equalize  the  load.  Cast  iron  separators  should 
not  be  depended  upon  to  carry  much  load  from  one 
beam  to  the  other  of  a  pair.  These  separators  are  not 
made  tight  fitting  on  the  flanges.  They  may  be  depended 
upon  to  equalize  the  load  on  two  beams  which  may  not 
be  applied  equally  to  both  or  that  may  be  applied  alter- 

95 


nately  to  one  and  then  the  other.  In  a  wall,  cast  sepa- 
rators and  their  bolts  are  sufficient,  as  deflection  of  one 
beam  would  throw  the  load  on  the  other  and  thus  equalize 
the  load  on  the  two  without  much  help  from  the  separa- 
tors. When  a  heavy  load  is  to  be  carried  from  one 
beam  to  the  other  of  a  pair»  as  when  a  cross  beam  frames 
into  one  beam  of  the  pair,  and  the  other  has  no  such 
connection,  there  should  be  riveted  diaphragms  to  trans- 
mit the  load.  Such  a  diaphragrm  should  not  be  called 
upon  to  carry  across  a  load  between  two  widely  separated 
beams,  unless  the  diaphragrm  has  top  and  bottom  flanges 
and  flang:e  connection  with  the  cross  beam. 

BradniT  of  Bvlidlmvs — In  the  bracing:  of  steel  frame 
buildings  there  is  no  standard  practice.  Some  buildini^s 
are  put  up  with  no  regrard  whatever  to  the  matter  of 
wind  bracins^  and  with  no  provision  to  resist  the  wind 
other  than  the  resistance  offered  by  the  walls  and  par- 
titions. Obviously  such  buildingrs  cannot  be  classed  as 
substantial  and  rigrid.  At  the  other  extreme  some  build- 
Ingrs  are  stiffened  with  braces  that  will  apparently  carry 
and  partitions.  Complete  calculations  qf  wind  stresses 
all  01  the  wind  load  without  any  assistance  from  walls 
are  not  often  made.  Judgrment  is  more  often  relied 
upon  to  deslgrn  the  bracing. 

eral  provision  aeainst  wind,  unless  they  aire  excep- 
tionally narrow.  However,  the  beams  should  have  either 
top  and  bottom  riveted  flangre  connection  to  the  columns 
or  grood  riveted  web  connection;  furthermore,  some  bays 
of  grirders,  one  or  more  in  each  direction,  may  have  top 
or  bottom  grusset  braces  connected  to  the  columns  and 
the  flangres  of  the  girders.  In  higher  buildingrs  this  sys- 
tem may  be  amplified  by  bracing:  more  of  the  bays  w^ith 
Kusset  braces.  This  bracing:  need  not  run  to  the  top 
floor,  but  may  stop  several  stories  below  the  top.  Por 
still  g:reater  stiffness  the  g:u8set  braces  may  be  used 
above  and  below  the  g:irders.  Sometimes  these  grusset 
braces  are  the  extension  of  the  web  of  a  built  g:irder. 
When  the  wall  g:irders  are  built  of  plates  and  ans^les, 
an  excellent  system  of  bracing:  is  effected  by  spreading^ 
out  the  webs  at  the  ends  to  form  g:usset  braces  and  rivet- 
ing: the  g:irder8  to  the  columns  with  long:  vertical  lines 
of   rivets. 

Next  to  the  g:usset  brace  a  short  diag:onal  strut  called 
a  knee  brace  is  employed.  These  braces  are  used  in  tbe 
corners  of  the  rectang:les  formed  by  columns  and  g:irders. 
They  may  be  made  of  channels  or  ang:les  or  other  suit- 
able shapes.  Ag:ain,  some  building:s  are  braced  'Witli 
diag:onal  braces  across  these  rectang:les.  This  is  tbe 
most  direct  and  economic  bracing:  so  far  as  the  steel 
work  is  concerned,  but  it  cannot  be  employed  in  bays 
where  there  are  windoivs  or  doors.  ^  also  necessitates 
cutting:  up  walls  and  partitions. 

In  the  Singrer  Building:,  New  York,  the  tower  Is  braced 
by  a  system  of  25  panels  of  X>bracing:  between  pairs  of 
columns.  Four  of  these  panels  terminate  at  the  14tli 
floor;  sixteen  panels  in  corners  of  towers  are  continued 
to  the  32d,  and  the  remainder  are  carried  to  the  36tli 
floor,  just  below  the  dome  which  surmounts  the  tower. 
(See  Eng:.  Record,  May  18,  1907,  and  Eng:.  News.  I>eo. 
6.  1907.) 

The  Metropolitan  Tower  is  braced  with  knee  braces 
in  the  sides  of  the  tower,  as  shown  in  Fi^.  1  (from  Shk* 
Record).     This   system   of   bracing:   is   carried   up   to    the 
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(See  Eng.  Record.  Feb.  9,  19A7,  .and  Eng. 
31.  1907.)  Fig.  2,\tro1p,',^nsx  t^ei^Hh^nhiiwA 
this   bracins.  '.•  -     ,  ..^  ^  ^  .  ^..  '  "*  . 


59 th    floor. 

News,  Jan.  31.   1907.)     Fig.  2,  If rogi.. IJngs  f^eiviih^nhQ^A 

a  detail  of  this   bracing. 

Figs.  8  and  4  show  the  braciner  of  Masonic  Hall.  New 
York.  This  buildiner  is  nearly  square;  it  has  21  stories. 
Fig.  3  shows  the  wind  bracing  in  the  street  front,  which 
extends  to  the  eighth  floor  (4th  regular  floor).  Walls 
and  web  and  flange  connections  of  beams  and  girders 
are  depended  upon  for  bracing,  apart  from  this.  (See 
Eng.    Kecord.   March   13,   1909.) 

Fig.  5  shows  the  wind  bracing  of  the  Farmers'  Loan 
and  Trust  Building.  New  York.  This  is  a  16-story  build- 
ing; it  is  braced  on  all  sides,  in  the  lower  stories,  as 
shown  In  the  figure.  (See  Eng.  Record.  Feb.  20.  1909, 
from  which  these  cuts  are  taken.) 

Figs.   6  and   7   show   the   bracing   of  the  Trust  Com- 

gany  Building  of  America.  The  building  is  25  stories 
igh.  Fig.  6  shows  the  end  wall  bracing.  Two  bays 
on  each  of  the  sides  are  braced  as  well  as  two  single 
interior  bays  parallel  to  the  end  walls.  (See  Eng.  Rec- 
ord. Nov.  10,  1906.  from  which  these  cuts  are  taken.) 

liValla — ^The  outside  walls  of  a  building  may  be  any- 
thing from  a  single  thickness  of  corrugated  steel  to  a 
thick   masonry   wall. 

Corrugated  steel  of  about  No.  20  gage  is  much  used 
for  walls  of  mill  and  shop  buildings.  These  sheets  are 
fastened  to  girts,  which  are  horizontal  pieces  of  timber 
or  steel  angles  or  channels.  The  sheets  should  not  be 
run  down  to  the  ground  surface,  as  the  moisture  and  the 
splashing  of  the  ground  water  and  dirt  start  corrosion 
which  soon  destroys  the  steel.  This  corrosion  is  pro- 
gressive and  very  often  shortens  the  life  of  the  steel 
very  materially.  If  a  wall  of  concrete,  or  glazed  tile. 
or  brick  be  run  up  for  about  two  feet,  the  permanence 
of  the  corrugated  steel  will  be  greatly  aided.  Wooden 
weather  boarding  may  be  used  for  the  same  purpose. 

Corrugated  steel  may  be  nailed  to  wooden  girts  or 
fastened  with  steel  straps  looped  around  steel  girts  and 
riveted  to  the  sheets.  The  corrugated  sheets  are  gen- 
erally lapped  one  to  two  corrugations  at  the  side  and 
four  to  six  inches  at  the  ends.  Sheets  come  in  lengths 
of  5  to  10  feet    The  girts  may  be  4  to  6  feet  apart. 

The  walls  of  temporary  or  cheap  buildings  are  some- 
times made  of  boards  running  vertically,  nailed  to  hori- 
zontal studding.  The  boards  may  be  tongued  and  grooved, 
or  they  may  be  battened  on  the  outside  with  l"x3'' 
strips.  Contractors  temporary  buildings  are  usually 
made  in  this  way.  the  outside  being  covered  with  tarred 
felt  to  keep,  out  the  rain.  A  distance  of  6  or  8  feet 
between  the  horizontal   studding  is  not  unusual. 

Brick  veneer  houses  are  made  by  allowing  four 
inches  of  a  shelf  on  the  foundation  walls  and  building 
up  inside  of  this  a  frame  of  studding,  on  the  outside 
of  which  sheathing  is  nailed  diagonally,  and  on  the 
inside  of  which  lath  are  nailed  for  the  plastering.  The 
sheathing  is  run  diagonally  so  as  to  brace  the  building. 

Sometimes  metal  lath  is  nailed  to  the  sheathing  on 
the  outside  of  a  building  and  cement  mortar  is  plastered 
on  this.  Tarred  felt  should  be  used  to  cover  the  wooden 
sheathing  before  the  lath  is  put  on.  as  the  water  of 
the  plaster  will  warp  the  wood  and  cause  the  plaster 
to  crack. 

Baloon  framing  is  a  term  applied  to  a  kind  of  con- 
struction in  which  a  frame  work  of  studding  is  covered 
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:^Osi|)«*  ^nd  ^o^t^ld^  ^Ith  metal  lath  and  plaster.    An  ex« 

•V   xseJlfilt*  and'almoBt- <l^eproof    buildinar   can    be    made  in 

^'tnis  fai&nher,  wIDen*  the  plasterers  have  the  proper  skill. 

A  li^ht  and  efticient  wall  construction  can   be   made 

,by  use  of  one  of  the  several  patented  sheet  metal  shapea 

These    may    be    fastened    to    the    outside    of    fi^irts   on  a 

buildingr    and    plastered    outside    and    inside.     Or,    where 

an  inside  plastered  finish  and  a  flat  surface  are  desired, 

the  sheets  may  be  used  on  the  outside  and  inside  of  the 

girts   and   plastered   on    both   sides    of   the   wall.     These 

sheets  are   pressed   with   ribs   or  corrugations   to   stiffen 

them   and   perforated   or   dove- tailed   so   as   to   hold   the 

plaster.    The   distance   vertically   between   girtn  may  be 

made  4  to  6  feet. 

Where  no  loads  are  to  be  carried  by  the  walls,  those 
with  cement  plastering  on  the  Inside  and  outside  and 
an  air  space  between  them  are  excellent  as  non-con- 
ductors of  heat.  They  thus  lessen  sweating  of  walla 
Also  moisture  from  rain  will  not  pass  through  the  walL 

Walls  made  of  concrete  poured  into  forms  are  serv- 
iceable, but  in  the  present  state  of  the  art  it  is  difCicult 
to  secure  a  pleasing  appearance,  because  of  the  lack 
of  skill  of  workers  not  specially  trained  In  high  class 
reinforced   concrete   work. 

Tile  walls  are  of  various  grades  from  the  cheap 
glazed  tile  of  material  resembling  sewer  pipe  to  ex- 
pensive ornamental  tile  especially  designed  and  made 
for   the   particular   building. 

Hollow  blocks  of  glazed  tile  are  made  in  sizes  B''x%" 
and  8''xl0"  and  16"  long.  They  may  be  quickly  laid  up 
in  a  wall  and  are  serviceable  for  cheap  construction. 
These  tiles  are  brittle  and  easily  broken  and  will  not 
withstand  much  heat.  The  same  may  be  said  of  orna- 
mental tiles  used  in  office  buildings.  The  latter  are 
often  used  for  cornices  and  ornamental  columns  and  for 
walls  in  steel  cage  buildings.  As  the  walls  are  usually 
backed  with  brick  or  cheaper  tile,  the  ornamental  tile 
is  not  liable  to  receive  much  direct  heat  from  a  fire  in 
the   particular   building  it  encloses. 

Hollow  concrete  blocks  are  now  much  used  for  build- 
ings. Very  often  these  blocks  are  made  of  mealy  con- 
crete, because  wet  concrete  would  require  that  molds 
remain  on  the  block  until  it  is  set.  Mealy  concrete  is 
porous  and  absorbs  water.  When  the  blocks  have  thick 
webs  and  are  made  of  wet  concrete,  they  make  a  good 
strong  wall. 

Walls  constructed  of  hollow  blocks  should  not  be 
heavily  loaded.  They  may  be  used  to  carry  a  uniform 
load,  but  concentrated  loads  should  be  distributed  by 
use   of   beams   or   bolsters. 

It  is  a  nice  theory  that  hollow  blocks  are  good  in- 
sulators against  heat  and  that  they  are  therefore  good 
fire  resistants.  But  the  fact  is  often  overlooked  that 
fire   very   quickly   breaks   the   thin   webs   by   inequal   ex- 

?ansion.  Hollow  blocks  are,  of  course,  good  Insulators 
or  low   temperatures. 

Concrete  walls  are  sometimes  made  by  filling  In  a 
frame  work  of  steel  angles  or  channels  running  vertically 
and    horizontally. 

Brick  walls  are  used  for  all  classes  of  buildings. 
Thickness  of  brick  walls  run  in  multiples  of  4  or  4^ 
inches,  usually  the  latter,  though  the  half  inch  is  dropped 
In  designating  the  thickness.  Thus,  walls  are  4-ln., 
»-ln.,   13-in.,   18-in.,   22-in.,   etc.     Walls   of   one,   two,  and 

104 


three  stories  are  usually  made  13  inches  thick.  Four- 
story  buildingrs,  where  the  walls  are  self-supportingr. 
should  have  the  two  upper  stories  13-in  and  the  two 
lower  stories  18-in.  Si^-story  buildings  should  have  the 
walls  of  the  two  lower  stories  22  inches  thick  and  the 
upper  four  as  in  the  four-story  building^.  Interior  walls 
or  partitions  may  be  9  in.  thick  for  one  or  two  stories. 

Hieh  walls  with  no  intermediate  floors  to  brace  them 
should  be  thick  enoug'h  to  be  stable  agrainst  wind.  If 
they  carry  roof  trusses  or  grirder  loads,  they  should  be 
reinforced  at  these  points  by  pilasters  inside  or  outside 
of  the  walls.  Higrh  walls  should  be  approximately,  one- 
twentieth  of  their  height  in  thickness. 

When  brick  walls  are  carried  by  steel  spandrel  beams 
to  the  columns  of  a  building:  they  may  be  13  in.  thick 
for  any  number  of  stories. 

A  grood  rule  for  the  weigrht  of  ordinary  brick  walls 
is  to  count  10  lbs.  per  superficial  foot  for  each  inch  in 
thickness  of  the  wall.  Thus,  a  13-in.  wall  will  weig:h 
130  lbs.  per  square  foot  of  surface,  etc. 

BeavtuiT  Plates — Bearing  plates  resting^  on  brick  walls 
in  lime  mortar  should  be  of  such  size  that  the  pressure 
will  not  exceed  100  to  125  lbs.  per  sq.  in.  When  cement 
mortar  is  used,  the  pressure  may  be  200  to  250  lbs.  per 
sq.  in. 

Lintels — ^Lintels  ift  brick  walls  should  be  made  ca- 
pable of  supportingr  a  height  of  wall  one-third  of  the 
opening:,  if  the  wall  is  not  broken  up  by  openingrs  over 
the  lintel.  If  there  are  openingrs  in  the  wall,  and  es- 
pecially if  there  is  a  pier  comingr  over  the  openingr  for 
which  the  lintel  is  to  be  designed,  this  g:eneral  rule 
should  not  be  used.  A  wide  opening:  may  be  surmounted 
by  a  row  of  windows,  and  the  piers  between  these  win- 
dows may  carry  wall  above  the  windows.  All  of  this 
load  must  be  carried  by  the  lintel  over  the  door.  Besides 
this  there  may  be  floor  load  resting:  on  the  wall,  which 
adds  further  to  the  load  on  the  same  lintel.  Floor  loads 
resting:  on  a  wall  not  far  above  a  lintel  must  be  con- 
sidered in  calculating  the  load  supported  by  the  lintel. 
When  a  long:  wall  is  supported  by  a  steel  beam,  such 
as  a  parapet  wall  or  a  curtain  wall,  it  should  be  consid- 
ered as  carried  entirely  by  the  steel.  Such  a  wall  would 
fall  entirely  if  the  steel  beam  were  removed,  whereas 
in  a  solid  wall  a  lintel  mig:ht  be  removed  and  only  a 
portion  of  the  wall  above  it  would  fall.  The  rule  of 
considering:  only  a  height  of  wall  one-third  of  the  open- 
ing as  affecting  a  lintel  is  only  applicable  in  a  solid 
wall,  where  the  arching  of  the  brick  would  carry  the 
remainder  of  the  load  without  the  aid  of  the  lintel. 

Lintels  are  often  made  so  that  only  the  edge  of  a 
plate  or  the  edge  of  an  angle  will  show  in  the  face  of 
the  waH.  Cast  iron  lintels  of  %  to  %  inch  metal,  with 
a  plate  as  wide  as  the  thickness  of  tne  wall,  and  with 
one  vertical  web  for  9-in.  or  13-in.  walls  and  two  webs 


(a) 


(b) 


for  thicker  walls,  make  satisfactory  wall  supports.  (See 
Fig.  8  at  (a)  and   (b),  also  see  Godfrey's  Tables,  p.  135.) 

Two  4-in.  X  3-ln.  x  5/16-in.  angles,  with  the  short 
legrs  vertical  and  riveted  togrether,  may  be  used  as  a 
lintel  in  a  9-in.  wall  for  spans  tkp  to  8  ft.  Two  6-in.  x 
SVi^in.  X  %-in.  angrles  may  be  used  in  like  manner  in 
a  13-in.  wall  for  spans  up  to  8  ft.  These  are  for  ordi- 
nary solid  walls  and  not  for  cases  where  the  wall  is 
cut  up  with  openinflTS  a  short  distance  above  the  lintels. 

Other  forms  of  lintels  are  those  shown  at  (d),  (e) 
and   (f),   Fig.   8. 

Where  some  of  the  steel  work  may  show  in  the  face 
of  the  wall,  a  standard  9 -in.  channel,  with  the  web 
horizontal,  may  be  used  to  support  a  9-in.  wall  for  open- 
ings up  to  6Vi  feet,  and  a  12-in.  channel  may  be  used 
for  a  l3-in.  wall  for  openings  up  to  7H  't. 

In  the  following  table,  taken  from  "Steel  in  Construc- 
tion" (Pencoid  Iron  Works),  the  lintels  are  selected  to 
deflect  1/360  of  the  span  up  to  10  ft.  and  1/500  of  a  span 
above  15  ft.  The  fibre  stress,  assuming  the  lintel  to 
carry  a  height  of  wall  1/3  of  the  opening,  is  within 
16,000  lbs.  per  sq.  in. 

SIZE   OF   STANDARD  I-BEAMS    FOR  LINTELS. 


Thick- 
ness of  ' 
Wall 


9  in. 
13  in. 
18  in. 
22  in. 


8 

or  9 

2-4  in. 

2- 

-4  in. 

2 

-Bin. 

2 

-5  in. 

Spans    in    Feet 

1 J. 


-I 


10  or  111  12  or  13114  or  15|  16  or  17|  18  or  20 


2-5  in. 
2-6  in. 
2-7  in. 
2-7  in. 


-I 


2-7  in. 
2-7  in. 
2-8  in. 
2-8  in. 


2-8  in. 
2-8  in. 
2-9  in. 
2-9  in. 


2-9  in. 

2-9  in. 

2-10  in. 

2-10  in. 

1 


2-12  in. 
2-12  in. 
2-12  in. 
2-12  in. 


Cast  iron  separators  are  to  be  used  in  every  case. 

Concentrated  Loads  on  'Walla — It  Is  sometimes  nec- 
essary in  order  to  distribute  a  heavy  concentrated  load 
along  a  wall  to  insert  longitudinal  beams  in  the  wall  under 
the  column  or  girder  or  truss  producing  this  load.  A  disas- 
trous wreck  occurred  in  Pittsburgh  on  account  of  a  first 
story  wall  between  two  buildings  being  removed  and  col- 
umns being  put  in  to  take  the  load  of  the  upper  walls.  The 
load  on  these  columns  was  not  distributed  along  the 
cellar  wall  by  spreading  beams,  but  was  concentrated 
at  the  foot  of  the  columns  on  a  rubble  wall  not  Intended 
to  carry  concentrated  loads.  The  columns  crushed  into 
the  cellar  wall. 

Coplngr — Brick  walls  are  usually  covered  on  top,  where 
exposed,  with  a  coping.  This  may  be  of  sp.wed  sand- 
stone blocks  3  or  4  in.  thick  or  of  overlapping  tile  cop- 
ings made   for   the   purpose. 

The  walls  of  a  steel  cage  building  are  supported  In 
each  story  by  beams  at  the  floor  level.  These  beams 
are  carried  by  the  columns.  They  are  called  spandrel 
beams.  Sometimes  the  beam  is  provided  with  a  cover 
plate  on  top  or  bottom  of  the  beam  riveted  to  the  beam 
with  rivets  spaced  6  in.  apart.  This  is  to  carry  the 
bricks.  The  wall  below  is  brought  up  to  this  plate. 
The  wall  load  is  not  always  central  over  the  spandrel 
beam.  This  eccentricity  or  tendency  to  twist  the  beam 
is  compensated  for  partly  by  the  wall  being  let  into 
the  column  and  partly  by  the  support  offered  by  the  wall 
of  the  story  below  being  h»*on<^ht  up  against  the  beam 
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and  its  cover  plate. 

Plates  I  to  IV  show  typical  spandrel  sections  of 
building^s. 

Partition* — Interior  walls  and  partitions  are  made 
in  frame  buildings  by  buildinsr  up  vertical  studding^, 
usually  of  2"x4''  pieces  set  16  to  24  inches  apart*  and 
nailins  on  lath,  on  which  plastering:  is  done.  If  stif- 
fened metal  lath  be  used  and  cement  mortar,  the  par- 
tition will  be  nearly  fireproof.  Light  metal  studding^, 
stiffened  metal  lath,  and  cement  mortar  make  a  com- 
pletely fireproof  partition. 

Hollow  terra  cotta  blocks,  from .  three  inches  up  in 
thickness,  are  much  used  in  partitions.  These  are  built 
up  like  a  brick  wall  and  are  plastered  on  both  bides. 
This  sort  of  partition  has  the  advantage  that  it  can 
be  easily  torn  down  and  changed  in  location. 

Wall  Inanlatloii — ^Insulated  walls  for  cold  storage  and 
refrigerating  plants  are  made  in  several  different  ways. 
A  paper  by  J.  P.  H.  Perry  quoted  in  Engineering  News, 
Jan.  30,  1909,  gives  some  very  valuable  information  on 
the  subject  of  wall  and  floor  insulation.  The  cheapest 
method  of  insulating  a  wall  is  to  fill  an  air  space  of  6 
to  12  inches  between  inside  and  outside  sheathing,  with 
sawdust.  Tarred  felt  laid  over  the  outside  sheathing 
and  this  covered  with  weather  boards  makes  such  a  wall 
better  because  the  waterproofing  felt  prevents  the  water 
from  reaching  the  sawdust.  A  method  of  insulating  a 
brick  wall  is  to  place  against  it  two  layers  of  water- 
proofing paper,  then  %  in.  sheathing,  then  2"x2"  furring 
16  in.  apart,  then  %"  sheathing,  then  two  layers  of  water- 
proofing paper  and  %"  sheathing  again.  This  is  repeated, 
using  successive  layers  of  furring,  sheathing,  paper,  and 
sheathing,  until  the  necessary  insulation  is  obtained.  An- 
other method  is  to  fill  in  between  a  brick  wall,  water- 
proofed with  prepared  paper,  and  a  4  or  6  inch  hollow 
tile  wall  with  ground  cork  or  mineral  wool.  Another 
way  is  to  plaster  the  wall,  after  giving  it  a  waterproof 
coat,  and  build  up  against  it  blocks  prepared  for  the 
purpose,  made  of  ground  cork,  asbestos,  or  mineral,  wool, 
set  in  cement,  and  then  to  plaster  over  this.  Successive 
layers  of  these  blocks  and  plaster  are  built  up  until 
the  desired  insulation  is  obtained.  Ideal  heat  insula- 
tion is  obtained  when  dry  air  is  confined  in  separate 
cells  of  small  size,  the  confining  medium  itself  being  of 
low  conductivity.  Loose  materials  such  as  sawdust,  min- 
eral wool,  and  ground  cork  are  apt  to  settle  and  leave 
air  spaces. 

Roofs — ^What  is  probably  the  cheapest  style  of  roof 
deck  is  made  up  of  rough  boards,  laid  close,  on  which 
a  single  layer  of  tarred  felt  is  laid,  lapped  at  edges  and 
nailed  along  these  edges  with  nails  having  tin  shields 
under  the  heads,  all  of  which  is  given  a  coat  of  tar  or 
tar  paint.  This  is  used  only  for  temporary  sheds  in  any 
engineering  work.  It  requires  re-painting,  if  it  is  to 
be  in  use  more  than  a  year. 

The  weight  per  sq.  ft.  of  a  shingle  roof  is  about  2% 
lbs.  for  shingles  only.  Shingles  may  be  laid  on  sheath- 
ing of  rough  boards  having  close  Joints;  or  on  lath,  two 
or  three  inches  by  one  inch,  spaced  a  distance  equal 
to  the  length  of  shingle  exposed  to  weather. 

Slates  to  be  used  in  the  same  manner  as  shingles 
come  in  thicknesses  of  %",  3/16",  and  %".  A  common 
slie  is  10"x20''  slabs,  3/16"  thick.  These  are  laid  with 
8  ins.  exposed  to  the  weather.     They  are  secured  to  the 
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wood  by  two  nails  near  the  upper  corners,  which  should 
be  galvanized  iron,  or  better  of  copper.  In  tlie  better 
class  of  roofs  the  sheathing^  is  of  tong^ued  and  grooved 
boards.  Rough  boards,  close  spaced,  or  heavy  lath,  are 
used  in  cheaper  construction.  Slates  may  also  be  tied 
to  small  angles  or  tees  of  steel  with  wires.  For  slates 
the  size  of  the  above  allow  7  lbs.  per  sq.  ft.  of  roof. 

In  order  to  prevent  rain  or  snow  from  drifting  in 
under  slate  or  shingles  a  layer  of  waterproof  paper  or 
felt  may  be  laid  over  the  sheathing.  The  same  precau- 
tion should  be  employed  in  the  case  of  tile  roofing.  This 
will  also  lessen  condensation  and  consequent  drip  on 
the  under  side  of  slate  and  tiles. 

Spanish  tiles  may  be  fastened  to  roof  sheathing  or 
lath  in  the  same  manner  as  slate.  They  may  also  be 
tied  to  angles  or  tees,  spaced  12  or  13  ins.  apart.  It  if 
difficult  to  prevent  leak  from  drifting,  snow  or  rain.  In 
open  work  (without  close  sheathing)  it  is  best  accom- 
plished by  pointing  the  joints  on  the  under  side  with 
cement  mortar,  lime  mortar  with  hair,  or  elastic  cement 
These  tiles  will  weigh  7^  to  8  lbs.  per  sq.  ft.  of  roof. 

The  slope  of  a  shingle  or  slate  or  tile  roof  should 
be  not  less  than  about  1  vertical  to  2  horizontal.  Flatter 
slopes,  down  to  1  to  8,  will  drain  water  without  difficulty, 
so  long  as  it  is  not  washed  back  by  wind.  Hence  in 
flatter  slopes  precautions  such  as  waterproof  felt  or 
pointing  of  tile  are  needed. 

Corrugated  steel  or  iron  roofing  is  made  of  sheets, 
strapped  to  the  steel  purlins  or  nailed  to  nailing  pieces 
bolted  on  the  purlins,  lapped  along  sides  and  ends.  Cor- 
rugated steel  usually  comes  in  sheets  27  ins.  wide  after 
corrugation  with  corrugations  2%  ins.  c.  to  c.  and  %  ina 
deep.  The  lengths  may  be  anything  less  than  10  ft 
Before  corrugating,  the  sheets  are  30  ins.  wide,  and  hence 
the  relative  weights  of  fiat  and  corrugated  sheets  per 
square  foot  are  as  27:30. 

The  following  is  a  specification  for  putting  up  cor- 
rugated steel.  "Sheets  are  to  be  laid  with  a  side  lap  of 
1\^  corrugations  and  an  end  lap  of  4  ins.  They  are  to  be 
fastened  to  the  frame  work  with  % "x %"  galvanized  clips, 
one  foot  apart,  tightly  encircling  the  girt  or  purlin  to 
which  the  sheet  is  attached.  Along  the  sides  and  ends 
the  sheets  are  to  be  attached  together  with  No.  6  sheath- 
ing rivets  not  more  than  eight  inches  apart  on  roof  nor 
more  than  twelve  inches  apart  on  sides  and  ends  of 
building." 

Corrugated  sheets  may  also  be  curved  longitudinally. 
In  this  shape  single  sheets  may  be  used  as  a  covering 
over  ventilators,   small   shafts,   etc. 

Along  the  comb  of  a  roof  what  is  called  a  ridge  roll 
is  needed  to  prevent  water  entering  at  the  joint.  Some 
ridge  rolls  are  made  with  edges  wavy  to  fit  the  corru- 
gations. 

Tin  used  as  a  roof  covering  is  first  soldered  Into  long 
rolls,  after  hooking  and  flattening  the  edges.  After  lay- 
ing a  roll  in  position  down  the  slope  of  the  roof  the 
edges  are  turned  up  to  form  a  flange.  A  sheet  is  fast- 
ened down  along  one  edge  by  small  tin  cleats,  which 
are  hooked  over  the  flange  and  nailed  to  the  sheathing. 
The  flange  of  the  adjacent  sheet  is  made  a  little  higher 
and  doubled  over  that  of  the  first;  then  both  fianges  are 
bent  over  and  pinched  together,  forming  a  double  lock. 
Steel  sheets  covered  with  a  coating  of  lead  are  much 
used    for    roofs.     These    are    called    terne    plates.       The 
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66mtn6n  sizes  of  tin  and  terne  plates  are  14"x20"  and 
28''x28''.  The  usual  weights  are  8  and  10  oz.  to  the 
square  foot. 

*'A  roof  covered  with  tin  or  other  metal  should,  if 
possible,  slope  not  much  less  than  five  degrrees  or  about 
an  inch  to  a  foot;  and  at  the  eaves  there  should  be  a 
sudden  fall  into  the  rain  gutter,  to  prevent  rain  from 
backingr  up  so  as  to  overtop  the  double  grroove  joint, 
and  thus  cause  leaks.  •  •  •  Two  good  workmen  can 
put  on,  and  paint  outside,  from  250  to  300  sq.  ft.  of  tin 
roof,  per  day  of  8  hours." — ^Trautwine's  Ensineer's  Pock- 
etbook. 

Roof  copper  usually  comes  in  sheets  2%x6  ft.  weigh- 
ing 10  to  14  lbs.  per  sheet.  It  is  held  down  with  copper 
cleats  nailed  to  the  sheathing  similar  to  the  fastenings 
for  tin  sheets.  These  are  rectangular  pieces  about  2''x4'': 
they  should  be  spaced  about  18"  apart.  On  sloping  roofs 
the  sheets  are  not  soldered  together,  but  all  Joints  are 
usually  made  by  overlapping  and  bending  the  sheets. 

For  gutters  and  for  flat  roofs  on  dwellings  the  edges 
of  copper  and  tin  sheets  should  be  locked  and  soldered 
together. 

Flat  roofs  are  usually  made  with  a  drop  not  less 
than  8/16"  to  1/4"  to  the  foot.  Such  roofs  must  of 
course  be  capable  of  holding  water.  Gravel  or  slag  cov- 
ered roofs  are  in  this  class,  but  the  slope  should  be 
greater  than  that  of  a  roof  having  a  smooth  surface, 
so  that  water  will  not  be  held  in  the  spaces  around  the 
gravel  or  slag.  To  prevent  flowing  in  gravel  and  slag 
roofs  when  heated  by  the  sun  the  slope  should  not  be 
greater  than  6  ins.  to  the  foot.  It  is  preferable  to  have 
a  slope  much  less  than  this. 

Gravel  and  slag  roofs  are  usually  made  of  four  or 
more  layers  of  tarred  felt  cemented  together  with  hot 
tar  or  hot  mineral  pitch  (asphaltum)  or  a  mixture  of  the 
two,  and  having  a  top  coat  of  pitch  in  which  is  bedded 
small  gravel  or  particles  of  broken  slag.  The  latter 
aids  in  protecting  the  pitch  from  drying  out  and  flowing, 
and  affords  a  hard  wearing  surface.  Wooden  sheathing 
to  receive  the  felt  layers  should  be  laid  with  close  joints. 
The  lower  layers  are  nailed  thereto  with  nails  having 
tin  shields.  Nails  may  also  be  used  to  secure  the  felt 
on  cinder  concrete,  if  the  latter  is  not  over  a  month 
or  two  old.  On  hard  concrete  the  top  may  be  smoothed 
oft  and  a  layer  of  hot  pitch  used  as  a  cement.  How- 
ever, many  builders  use  no  fastening  whatever  to  the 
concrete,  as  they  find  that  unequal  expansion  cracks 
the  roof  covering. 

On  flat  roofs  of  brick  buildings  where  gravel  and  slag 
roofing  is  used  the  tarred  felt  is  brought  up  a  few  inches 
on  the  parapet  wall  and  cemented  thereto  with  the  tar 
or  asphalt.  Flashing  of  sheet  copper,  let  into  the  joints 
of  the  brick  just  above  this,  is  brought  down  over  it. 
The  edge  of  the  tarred  felt  must  be  covered  or  securely 
fastened  down  or  well  cementeu  with  the  pitch,  as  the 
heat  of  the  sun  will  turn  up  and  crack  the  raw  edge. 

The  usual  requirement  for  wool  roofing  felt  is  that 
a  square  of  100  sq.  ft.  of  the  dry  felt  will  weigh  15  lbs. 
It  is  usually  required  that  100  to  120  lbs.  of  tar  or  asphalt 
oe,used  as  cementing  material  on  each  square  or  100 
■q.  ft;  this  is  for  five  and  six  ply  roofing.  For  felt  and 
pitch  allow  two  pounds  per  sq.  ft.  For  slag  allow  three 
and  for  gravel  allow  four  lbs.  per  sq.  ft.  The  slag  and 
eravel  are   usually   screened   through    %-inch   mesh   and 
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Jhould   be   free   from   sand   and  loam.     A   cubic   yard   ol 
gravel  is  generally  made  to  cover  600  sq.  ft. 

Prepared  rooflngr  is  manufactured  and  sold  for  about 
three  dollars  per  square  of  100  sq.  ft.  It  comes  in  rolls 
and  is  covered  on  one  side  with  gravel  or  sand.  This 
is  lapped  and  cemented  together  at  the  edges,  being 
nailed  to  the  sheathing. 

There  are  many  proprietary  roofing  materials  that 
come  prepared  for  laying  with  the  necessary  fastenings 
and  cement.  Some  of  these  are  made  on  a  canvas  base 
and  others  on  wool  felt.  Various  cementing  compounds, 
magnesia,  asbestos,  etc.,  are  used  in  the  preparation 
of  these  roof  coverings.  Many  of  these  are  excellent, 
especially  for  sloping  roofs,  where  the  ordinary  gravel 
roof,  made  in  place,  is  apt  to  flow  in  the  heat  of  the 
sun.  Some  of  these  are  sufficiently  stable  to  be  used 
as    flashing    without    metal    protection. 

Asbestos  shingles,  of  about  8/16  In.  thickness,  made 
with  Portland  cement,  are  excellent  as  a  roof  cov- 
ering.    They  are  very  expensive,  however. 

Large  cement  or  concrete  tiles  or  slabs  are  coming 
Into  use  for  roofs.  These  are  reinforced  with  steeL 
Some  of  them  are  made  so  as  to  lap  on  the  edges.  Slabs 
may  also  be  laid  edge  to  edge  with  the  joints  cemented. 

Sheet  metal  stiffened  by  ribs  or  corrugations  and 
made  with  perforations,  or  dove-tail  in  shape,  so  as  to 
hold  plastering,  are  used  for  roofs.  These  sheets  may 
be  made  to  span  an  opening  of  4  or  6  feet.  They  are 
plastered  on  both  sides  with  cement  mortar.  Concrete 
with  small  aggregates  can  be  used  on  the  upper  side. 
No  regular  centering  is  needed,  but  to  prevent  sagrging 
while  the  concrete  sets,  a  line  of  supporting  timbers 
should  be   used   under  the  middle  of  span. 

The  slope  of  a  flat  roof  Is  sometimes  made  In  the 
steel  work,  the  beams  being  built  to  the  proper  grade 
to  slope  toward  the  down-spouts.  Very  often  the  slope 
Is  made,  in  tile  arch  and  reinforced  concrete  construction, 
by  laying  on  cinder  concrete. 

Tiles  of  slate  about  %  in.  In  thickness,  or  vitrified 
clay  tiles  from  %  in.  to  1  In.  thick  are  commonly  used 
on  flat  roofs  of  office  buildings,  laid  over  tile  arches 
or  reinforced  concrete  slabs.  These  may  be  laid  on  a 
bed  similar  to  that  on  which  gravel  is  laid,  namely, 
tarred  felt.  The  Joints  are  commonly  fllled  with  pitch 
or  elastic  cement,  and  the  whole  is  ironed  off  to  remove 
the  surplus  pitch.  However,  experience  has  shown  that 
the  pitch  works  up  between  the  tiles  and  allows  water 
to  penetrate  It  has  been  found  better  to  use  wide  joints, 
about  %  in.  or  more,  of  Portland  cement  mortar.  For 
clay  tiles  allow  12  lbs.  per  inch  of  thickness,  and  for 
slate,  14  lbs. 

Dormer  roofs,  curved  roofs,  domes,  etc.,  may  have 
a  frame  work  of  tees  spaced  about  18  ins.  apart,  on 
which  are  laid  hollow  terra  cotta  tiles,  cq.lled  book  tiles, 
to  which  the  outer  covering  may  be  nailed.  An  excel- 
lent form  of  construction  for  ornamental  or  irregular 
roof  work  is  that  in  which  concrete  is  plastered  or 
molded  around  expanded  metal.  In  this  construction 
the  gutters  and  eaves  may  be  built  up  in  combination 
with  the  roof. 

The  weight  per  square  foot  of  2"  hollow  terra  cotU 
tile  is  12  lbs.;   of  3",   15  lbs.;   of  4".  19  lbs. 

'^oofs  should  have  at  least  one  square  inch  in  crosf 
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section  of  spout  for  every  hundred  square  feet  of  roof 
area. 

Metal  gutters  are  sometimes  nung^  to  the  edg^e  of  a 
roof  by  wire  hang^ers.  A  much  better  construction  con- 
sists of  cast  iron  or  malleable  brackets  fastened  to  the 
wall. 

Cast  iron  is  excellent  material  for  grutters  because  of 
its  durability  and  streng^th,  and  because  leaks  are  prac- 
tically eliminated.  The  metal  may  be  %  to  ^  in.  in 
thickness  and  in  sections  six  to  ten  feet  in  leng^th.  One 
section  has  a  bell-shaped  flangre  fitting:  over  the  other 
and  bolted  thereto.  Iron  cement  is  used  to  seal  tne 
Joint.     Milling:  of  the  enJs  is  not  necessary. 

Square  or  corrugrated  down-spouts  are  better  than 
round  ones,  because  they  are  less  apt  to  burst  if  frozen. 
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CHAPTER  VII. 
Mill  Building  Design. 

The  walls  of  mill  buildingrs  may  be  of  corrugrated 
Bteel  or  iron,  or  of  tile,  brick,  or  concrete.  The  struc- 
tures must  be  desigrned  to  carry  the  heaviest  snow  load 
that  can  come  upon  the  roof,  the  horizontal  force  of  the 
wind,  the  thrust  of  Jib  cranes,  etc.  In  a  well  propor- 
tioned desigrn  the  wind  load  plays  an  important  part. 

For  corrugated  iron  walls  the  studding^  and  girts 
will  usually  be  located  by  the  positions  of  windows  and 
doors.  Girts  to  support  the  corugated  iron  may  be 
spaced  6  to  7  feet  apart  vertically. 

If  the  roof  covering  is  to  be  of  corrugated  iron  the 
spaces  between  the  purlins  may  be  from  five  to  seven 
feet.  If  wooden  sheathing,  covered  with  slate,  is  to  be 
used,  one  inch  boards  may  be  employed,  spacing  the 
purlins  two  or  three  feet  apart;  or  two-inch  tongued 
and  grooved  boards  may  be  used  on  steel  purlins  four 
to  six  feet  apart.  In  the  latter  case  the  purlins  may 
have  nailing  strips  bolted  on  the  side.  If  the  covering 
is  to  be  of  tile  or  any  reinforced  concrete  construction, 
it  will  require  special  provision  in  the  way  of  support- 
ing frame  work.  Sheathing  running  from  truss  to  truss, 
of  a  thickness  of  say  2^  in.,  trusses  12  ft.  apart,  is 
sometimes  used  where  the  roof  must  be  dry  on  the  under 
side. 

The  usual  snow  load  in  temperate  regions  is  30  lbs.  per 
sq.  ft.  of  horizontal  surface.  Some  building  codes  specify 
60  lbs.  Allow  5  lbs.  per  sq.  ft.  for  corrugated  iron  and 
purlins  of  ordinary  size.  For  slate  alone  allow  7  lbs. 
per  superficial  foot.  For  wood  allow  4  lbs.  per  ft.  ot 
board  measure.  For  concrete  and  cement  mortar  allow 
12  lbs.  per  sq.  ft.  per  inch  of  thickness. 

The  thickness  of  corrugated  steel  or  iron  for  roof 
covering  is  usually  number  twenty,  sometimes  as  thick 
as  number  sixteen.  It  is  a  good  practice  to  use  No.  20 
for  sides  and  No.  18  for  roof,  the  latter  on  purlins 
spaced  six  feet. 

Purlins — ^As   to   the   material   of   the    purlins,    the  ap- 

f^earance  and  permanence  of  the  building  are  determin- 
ng  factors.  A  building  may  be  made  amply  strong  for 
the  loads  to  be  borne,  and  yet  be  light  and  flimsy  in 
character  and  lacking  in  durability.  The  lightest  and 
cheapest  purlin  is  probably  the  trussed  angle  or  zee 
bar.  For  a  building  where  appearance  goes  for  nothing 
and  where  covering  is  to  be  of  corrugated  iron  and 
not  necessarily  rain-proof  this  sort  of  purlin  is  quite 
satisfactory.  For  a  rigid  and  permanent  building,  and 
one  that  is  to  be  rain  proof,  a  zee  bar  or  channel  or 
beam  is  preferable.  Fig.  1  shows  some  typical  purlins 
and  details.  The  trussed  angle  with  posts  having  single 
rivets  in  the  end  detail  should  be  used  only  in  Tight  or 
temporary  construction.  These  trussed  purlins  are  given 
here,  not  as  examples  to  follow,  but  to  illustrate  a  style 
of  construction  often  used  and  to  show  how  to  propor- 
tion the  parts. 
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The  2ee  bar  is  dconomlcal  only  for  short  spans  say 
about  12  to  15  ft.  or  under.  A  channel  or  I-beam  offers 
greater  resistance  for  the  same  weisrht  of  section  than 
the  see  bar»  especially  the  heavy  zee  bars.  To  find  the 
sixe  of  purlin  required  take  the  load  per  lineal  foot  car- 
ried by  the  purlin  and  substitute  in  the  formula  si  =  wP 
-f8  where  M  =  bending  movement  in  foot-pounds,  w  = 
weisrht  per  linecd  foot  on  the  purlin,  l=span  of  purlin 
in  feet.  Multiply  this  moment  by  12  to  reduce  it  to 
inch-pounds,  and  divide  this  product  by  the  extreme 
fibre  stress  allowed,  say  16000  lbs.  The  result  is  the 
section  modulus  required  in  the  zee  bar  or  channel  to 
be  used.  A  suitable  section  may  now  be  selected  by 
findinff  in  the  table  of  properties  of  rolled  sections  s. 
section  havingr  this  required  value  of  S. 


^/^     \^  1 


(b) 
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If  a  trussed  angle  is  to  be  used,  the  angle  with  its 
posts  and  rod  should  be  treated  as  a  truss  and  propor- 
tioned accordingly.  The  stress  in  the  rod  will  amount 
to  one-third  of  the  load  carried  by  the  purlin  multiplied 
by  the  secant  of  its  inclination  with  the  vertical,  the 
post  will  take  one-third  of  the  load  on  the  purlin,  the 
angle  will  take  the  same  stress  as  the  rod,  but  in  com- 
pression. In  addition  to  the  direct  stress  the  angle 
will  be  in  bending  as  a  simple  beam  between  the  posts. 

The  extreme  flbre  stress  and  the  direct  stress  per 
square  inch  should  be  added  together  to  obtain  the 
maximum  extreme  fibre  stress.  The  post  should  be  in- 
clined so  as  to  bisect  the  angle  between  the  parts  of  the 
rod,  so  that  there  will  be  no  tendency  to  slip. 

Tmaaea — ^The  most  common  forms  of  roof  trusses  are 
those  shown  on  pages  87,  88,  and  89,  of  Godfrey's  Tables, 
or  pages  98,  99,  and  100.  in  the  author's  book  Steel  and 
Reinforced  Conerete  In  Buildings. 

To  obtain  the  direct  stress  in  the  various  members 
find  the  total  load  carried  by  the  truss  then  multiply 
this  by  the  coefficients  found  on  the  different  members: 
Pour  sets  of  coefficients  are  given  for  different  pitches 
in  the  trusses.  If  the  truss  is  a  lean-to,  that  is,  the  shape 
of  one-half  of  those  shown  in  the  figures,  the  stresses 
in  the  web  member  will  be  the  same  for  the  same  panel 
loads,  but  the  chord  stresses  will  be  diminished  by  the 
coefficients  indicated.  As  will  be  shown,  the  stresses 
from  the  vertical  loading  constitute  only  a  part  of  that 
which  must  be  provided  for  in  the  trusses  except  where 
trasses  rest  on  walls.  For  the  total  load  carried  by  the 
trusses  an  addition  of  5  pounds  per  square  foot  of  hori- 
sontal  surface  to  the  load  per  square  foot  carried  by 
the  purlins  will,  for  small  trusses,  allow  for  the  weight 
of  the  truss  itself.  (Bee  Chapter  XVIII  for  more  data  on 
truss  weights.) 
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If  the  purlin  connection  is  at  the  panel  point,  the 
top  chord  of  truss  will  be  subject  to  direct  compression 
only,  but  if  purlins  rest  between  panel  points,  the  bend- 
ing moment  must  be  taken  care  of.  The  span  of  the 
chord  for  the  bending  is  the  horizontal  projection  of  the 
panel  length.  The  load  per  foot  to  be  used  in  the  cal- 
culation is  the  total  load  per  square  foot  for  purlins 
multiplied  by  the  distance  between  trusses.  Assuming 
a  section,  say  a  web  plate  and  two  upper  angles,  the 
maximum  extreme  fibre  stress  is  found  by  addingr  the 
direct  unit  stress  to  the  extreme  fibre  stress  due  to 
bending. 

Posts — ^If  only  the  vertical  loads  were  to  be  provided 
for  in  the  posts  they  would  in  many  cases  be  quite 
small.  The  bending  in  the  posts  due  to  the  wind  load 
is  the  governing  factor  in  determining  the  size,  except 
for  a  very  heavy  roof.  A  knee  brace  from  the  first 
apex  from  end  of  truss  to  the  post,  or  a  gusset  plate 
at  the  first  apex  makes  the  two  posts  and  the  truss  act 
as  a  portal.  The  post  will  then  be  subject  to  bending 
at  the  foot  of  the  brace  and  at  the  base.  Sometimes 
the  brace  is  omitted,  in  which  case  all  of  the  bending 
must  be  taken  at  the  base  of  the  column.  Again  it  is 
sometimes  impracticable  to  detail  the  base  of  the  col- 
umn so  as  to  take  any  considerable  portion  of  the 
bending. 
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Given  a  certain  amount  of  wind  load  or  shear  to  be 
carried  by  two  posts,  it  is  eviaent  that  this  can  be  re- 
sisted alone  by  the  posts  in  bending  at  the  foot  of  the 
braces,  if  the  bases  of  the  posts  are  pin-ended;  or  it 
may  be  resisted  alone  by  the  stiftness  at  the  bases  of 

frosts,  if  the  upper  end  of  the  posts  are  pin-ended;  or 
t  may  be  resisted  jointly  by  the  stiffness  at  the  base 
and  at  the  foot  of  the  brace.  Fig.  2  shows  the  shape 
the  posts  will  assume  in  each  case.  In  case  (c)  there 
may  be  assumed  a  pin  at  some  intermediate  point  in 
the  post.  This  will  be  a  point  of  inflection  or  contra- 
flexure  or  of  no  bending.  The  horizontal  reaction,  or 
the  shear  carried  by  each  post,  being  assumed  to  be 
transferred  to  this  intermediate  point,  the  bending  mo- 
ment of  any  section  will  be  found  by  multiplying  this 
reaction  by  the  distance  to  that  section.  If  there  is 
equal  stlftness  at  the  brace  and  at  the  foot  of  the  post. 
the  point  of  inflection  will  be  midway  between  tnese 
points.     If  for  any  reason  the  stiftness  at  one  point   la 

greater  than  at  the  other,  the  point  of  inflection  ^irlll 
e  so  located  that  its  distance  from  each  will  be  directly 
as  the  stiffness  of  the  post  at  that  point.  In  general, 
the  stiffness  of  the  post  will  be  in  proportion  to  the  sec- 
tion modulus,  or  the  moment  of  inertia  divided  by  the 
distance  from  the  center  of  gravity  of  section  to  the  ex- 
treme  flbre.     The   stiffness,   however,    may   be   gaged    at 
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the  upper  end  of  the  post  by  the  ability  of  the  truss  to 
resist  the  bending:,  or  at  the  lower  end  by  the  ability 
of  the  anchorage  to  resist.  In  any  case  it  is  clear  that 
the  sum  of  the  bending:  moments  at  these  two  sections 
must  equal  the  snear  carried,  multiplied  by  the  clear 
height  of  coulmn. 

In  general,  the  section  of  the  column  should  have  a 
web  in  the  plane  of  the  truss,  or  if  two  channels  are 
used  their  webs  should  be  parallel  to  the  plane  of  the 
truss.  Lattice,  if  used,  should-  be  in  the  other  direction, 
as  lattice  bars  will  not  carry  the  shear,  unless  double 
lacing  is  used.  An  economic  section  is  made  of  four 
angles  and  a  web,  built  in  the  shape  of  an  I-beam.  A 
rolled  I-beam  has  the  objectionable  feature  of  being 
weak   as   a   column   on   account   of   the   small   radius   of 

fyration  in  the  direction  normal  to  the  web.  If  the 
■beam  be  stiffened  at  intermediate  points,  it  can  be 
used  advantageously  as  a  column.  Closed  sections  should 
not  be  used  in  buildings  which  are  not  sealed  against 
the  weather,  unless  the  interior  space  of  the  column  is 
to  be  filled  with  concrete  or  mortar  or  some  such  ma- 
teriaL 

The  amount  of  section  will  depend  upon  which  of 
the  three  cases  the  column  will  come  under.  In  any 
case  there  will  be  direct  compression  and  a  bending 
moment  to  be  provided  for.  From  a  trial  section  the 
value  of  the  radius  of  gyration  r  and  the  distance  from 
center  of  gravity  of  the  section  to  the  extreme  fibre  or 
d  may  be  found.  Then,  BI  being  the  bending  moment  in 
inch-pounds,  we  have  for  an  equivalent  direct  load  M  d 
over  T*.  This  added  to  the  direct  compression  on  the 
column  and  the  sum  divided  by  the  allowed  fibre  stress 
will  give   the  area  required.     (See  Chapter  XI.) 

Colnmii  Pedestals — ^The  foundation  or  pedestal  for  the 
column  should  be  at  least  four  or  five  feet  deep  below 
ground  level  to  be  below  the  action  of  frost.  The  bot- 
tom of  the  pedestal  should  be  four  or  five  feet  square 
as  a  minimum.  The  pedestal  may  have  sloping  sides  or 
it  may  be  stepped  oft  to  the  required  dimensions  on  top. 
The  sloping  form  is  probably  cheaper,  though  it  is  dif- 
ficult to  ram  the  concrete  into  the  corners;  however, 
heavy  ramming  and  dry  concrete  are  not  looked  upon 
with  favor  now  as  formerly.  Wet  concrete  poured  into 
the  forms  Is  very  much  better. 

Where  the  columns  are  not  high,  the  stability  of  the 

Eedestal  should  be  made  such  that  it  will  resist  the 
ending  moment  at  the  base  of  column,  or,  for  a  column 
of  uniform  section,  one-half  the  product  of  the  shear 
on  one  column  and  the  clear  height  of  the  column.  The 
factors  entering  into  the  stability  are  the  weight  of  the 
pedestal  itself  and  the  dead  load  on  the  column.  The 
pedestal  will  be  stable  when  (Wl-fW2)b-r6  is  not  ex- 
ceeded by  the  bending  moment  at  the  base  of  the  column. 
When  this  is  true,  there  will  be  no  tendency  to  give 
tension  or  uplift  at  the  extreme  edge  of  the  base.  If 
the  entire  pedestal  were  above  the  ground,  the  moment 
would  be  taken  at  the  base  of  the  pedestal  instead  of 
at  the  base  of  the  column.  It  is  safe  to  assume  that 
the  horizontal  force  of  the  wind  is  taken  at  the  ground 
level  by  the  pavement  or  the  ground  tamped  around 
the  pedestal  and  that  the  bending  moment  at  the  base 
of  column  Is  resisted  by  the  stability  of  the  pedestal. 
It  may  not  be  always  practicable  or  economical  to  make 
the    pedestal    heavy    enough    to    be    stable    against    the 
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full  bending  considering  the  column  fixed  ended,,  69^ 
pecially  if  the  columns  are  high.  In  such  case  the  ped- 
estal may  be  designed  of  a  reasonable  size  and  its  stabil- 
ity computed.  The  moment  of  stability  of  the  pedestal 
is  the  product  of  the  weight  of  the  pedestal  plus  the 
dead  load  of  the  column  multiplied  by  one-sixth  of  the 
width  of  the  base.  This  moment  will  be  that  at  the  base 
of  the  column.  If  then  this  moment  be  divided  by  the 
wind  shear  on  the  column,  the  height  of  the  point  of 
inflection  above  the  base  of  column  will  be  found.  The 
bending  moment  in  the  column  at  the  foot  of  the  knee 
brace  will  be  the  product  of  the  shear  in  the  column  and 
the  remaining  free  height  of  the  column  or  distance 
from  the  point  of  inflection  to  foot  of  knee  brace.  It 
is  of  course  understood  that  the  column  is  to  be  anchored 
to  the  pedestal  with  bolts  running  nearly  to  the  bottom 
of  the  latter  and  secured  to  plates  or  beams  embedded  in 
the  same. 
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Fig. 3. 


Fig  .4. 


The  stress  on  the  anchor  bolts  is  found  by  dividing 
the  moment  at  base  of  column  by  the  width  wr  of  the  col- 
umn. This  will  give  the  stress  on  two  bolts  attached  to 
one  side  of  the  column  (four  bolts  are  usually  required 
for  a  good  anchorage)  The  bolts  should  be  well  secured 
to  the  shaft  of  the  column  and  not  simply  pass  through 
the  base  plate  thus  causing  tension  on  the  rivet  heads. 

The  treatment  of  the  wind  load  and  its  effect  upon 
the  columns  and  trusses  can  be  made  an  exceedingly  in- 
tricate problem,  and  probably  the  complex  nature  of  the 
usual  treatment  of  this  problem  is  partially  responsible 
for  the  utter  Ignoring  of  the  subject  of  wind  loads  In 
some  designs.  To  follow  the  effect  of  the  wind  in  all  of 
its  ramifications  it  would  be  necessary  to  And  the  bending 
on  the  column  as  a  beam  uniformly  loaded  from  end  to 
end  and  having  an  intermediate  support  at  the  knee 
brace;  it  would  be  necessary  to  follow  out  the  stresses  in 
the  ventilator  truss  (where  a  ventilator  is  used)  and  their 
effect  on  the  main  truss:  it  would  be  necessary  to  take  the 
normal  pressure  of  the  wind  on  the  slope  of  the  truss  and 
find  all  the  stresses  in  the  truss  and  columns,  or  to 
divide  the  normal  pressure  into  horizontal  and  vertical 
components  and  make  separate  calculations  for  each. 
The  accurate  solution  of  such  problems  is  interesting 
and  instructive  as  a  mathematical  exercise,  and  would 
be  of  more  practical  significance  if  they  represented  tb« 
actual     and  not  the  assumed  effect  of  the  wind. 
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tlecent  experiments  show  that  the  suction  on  the  lee- 
ward side  of  an  object  exposed  to  the  wind  may  be  equal 
to  or  g^reater  than  the  pressure  on  the  windward  side, 
80  that  what  has  formerly  been  considered  as  wind  pres- 
sure due  to  the  force  of  the  moving:  particles  is  really 
made  up  partly  of  this  pressure  and  partly  of  a  pressure 
due  to  a  partial  vacuum  on  the  leeward  side.  In  the  case 
of  a  solid  object  these  two  pressures  would  be  identical 
in  their  effect.  In  the  case  of  a  buildingTt  however*  the 
pressure  induced  by  the  partial  vacuum  would  be  sup- 
plied by  the  expansion  of  the  air  inside  of  the  building. 
Walls  have  been  known  to  be  bulged  out  in  high  winds 
and  roofs  to  be  lifted  up  or  bowed  upward  from  the  same 
cause.  This  suggests  the  necessity  of  anchoring  a  light 
weight  roof  to  the  walls  and  of  making  all  members  of 
the  trusses  In  compression  form  to  resist  the  uplift. 

The  calculation  of  the  wind  stresses  and  moments  can 
be  very  greatly  simplified  and  yet  an  economic  and  rigid 
building  result  from  the  design.  The  pressure  of  the 
wind  will  be  normal  to  the  surface  of  the  roof,  and  this 
normal  pressure  will  have  a  horizontal  and  a  vertical 
component.  The  effect  of  the  vertical  component  will  be 
to  give  stresses  the  same  in  kind  as  those  due  to  dead 
and  snow  loads.  This  normal  pressure  is  greater  the 
steeper  the  inclination  of  the  roof.  At  60  degrees  to  the 
horizontal  it  is  such  as  to  give  a  vertical  component  equal 
in  amount  per  horizontal  square  foot  to  the  pressure  of 
the  wind  assumed  (by  Unwin's  Formula);  at  30  degrees 
it  is  a  little  more  than  half  this  amount.  On  the  steeper 
slopes  not  much  snow  will  remain,  and  high  winds  would 
curry  much  of  it  away  unless  it  is  wet.  A  load  of  30 
lbs.  per  square  foot  for  snow  is  highly  improbable,  unless 
it  be  on  a  Hat  protected  roof,  but  on  such  roofs  the  wind 
load  plays  no  part.  If  then  stresses  for  a  thirty-pound 
snow  load  be  found  the  vertical  component  of  the  wind 
may  safely  be  neglected.  While  the  vertical  component 
of  the  wind  load  does  not  affect  the  knee  braces  or  put 
any  bending  in  the  columns,  the  effect  of  the  horizontal 
component  is  quite  different.  These  horizontal  forces 
cause  stresses  in  the  columns  and  knee  braces  and 
throughout  the  main  members  of  the  truss  which  are 
very  significant.  Main  members  of  the  truss  may  be 
subject  to  a  reversal  of  stress,  necessitating  their  being 
designed  to  resist  compression  where  under  vertical 
loads  they  would  be  tension  members.  As  further  simpli- 
fying the  calculations  it  is  recommended  that  the  wind 
on  one-half  of  the  side  of  the  building  be  assumed  as 
concentrated  at  the  level  of  the  bottom  chord  of  truss, 
with  no  part  at  the  foot  of  the  knee-brace.  Again,  the 
wind  against  the  truss  may  be  assumed  as  applied  only 
at  principal  panel  points,  so  as  not  to  affect  the  aux- 
iliary members.  This  simplifies  the  graphical  calcula- 
tions of  the  stresses. 

By  Unwin's  formula  tne  normal  pressure  per  square 
foot  on  the  surface  of  roofs  inclined  at  different  angles 
to  the  horizontal  for  a  pressure  of  25  pounds  is  as  fol- 
lows: 

lOo     20®     30O     40<»     50®     60® 
6       11       17       21       24       25 

Now  if  the  surface  be  taken  as  the  vertical  projection 
of  the  roof  surface,  the  horizontal  force  will  be  equal  to 
a  pressure  of  the  same  intensity  applied  on  this  vertical 
projection.  In  order  then  to  obtain  the  total  horizontal 
xorce  on  one  bay  of  the  building,  the  full  pressure  of  25 
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Iba.  per  square  (aot  Is  taken  on  all  vertical  surfaces,  inch  I 
as  the  side  of  the  building  and  the  side  of  the  veiitllalor 
and  the  reduced  pressure,  according  to  the  above  table, 
on  the  veitlcul  projection  of  the  slope.  When  the  pitcb 
of  the  roof  is  1/3,  the  angle  Is  33°  11';  ft  pitch  of  <i=  ' 
86°  34';  a  pitch  of  1/6  =  21°  48',  The  normal  pressure*  tor 
tbese  slopes  are  18.  IE  and  12  pounds  reEpectlvel)'. 

It  the  columns  are  the  same  length  and  of  the  tunt 
section,   the   total  horizontal   force   of   the   wind   will  M 
etiually    divided    betvreen    them.      If    they    are    the   mil'    i 
length    and    of   different   sections,    the    nrlnd    load    will  be 
divided   between  them   In  proportion   to   their  stlCtnesa  81    I 
denoted  hy  the  eectlon  modulus  of  each.     If  ihn  Ht^i^tlODi 
are  the  same  and  the  lengths  different,  the 
will  be  inveraely  bh  the  lengths;  the  short 
l;<g  stirrer,  will  tako  the  ereaCer  uart  or  th 
both    lections   an 
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by  one  column  will  be  represented  by  the  product  of  its 
section  modulus  and  the  length  of  the  other  column. 

The  columns  must  be  given  trial  sections  and  if  the 
fibre  stress  is  found  to  be  too  high  or  too  low,  the  thick- 
ness of  metal  or  the  section  of  the  column  must  be 
changed. 

A  common  form  of  column  is  that  shown  in  Fig.  5. 
This  column  must  also  support  a  crane  girder.  All  of 
the  angles  of  the  column  section  may  be  the  same  size, 
or  the  inner  angles  from  crane  girder  to  truss  may  be 
smaller  than  the  others.  The  two  angles  under  the  crane 
girder  should  be  capable  of  carrying  the  load  of  the  crane 
girder  as  a  column.  The  point  of  inflection  for  the  col- 
umn is  found  by  designing  a  suitable  pedestal  and  de- 
termining its  stability.  Then  the  bending  moment  at  the 
foot  of  the  knee  brace  is  found  and  the  column  propor- 
tioned for  the  same. 

If  the  correct  maximum  extreme  fibre  stress  Is  sought, 
to  determine  whether  it  is  within  allowed  limits,  proceed 
as  follows.  Find  the  total  direct  load  on  the  column  and 
the  resultant  unit  stress  as  though  it  were  centrally  ap- 
plied. Find  the  moment  of  the  crane  load  about  the 
center  of  gravity  of  the  column  section;  deduct  the  mo- 
ment of  the  truss  load.  Add  to  this  the  moment  of  the 
wind  load  and  find  the  extreme  fibre  stress  due  to  this 
resultant  moment.  This  added  to  the  wind  stress  found 
above  will  give  the  extreme  fibre  stress  sought.  Since 
these  stresses  occur  at  the  base  of  the  column  where 
the  column  is  held  and  not  subject  to  deflection,  the  ex- 
treme fibre  stress  may  be  quite  high,  if  the  greater  por- 
tion of  it  is  due  to  the  wind.  An  extreme  fibre  stress  of 
18,000  or  20,000  pounds  per  square  inch  would  be  quite 
safe   under  these  conditions. 

After  finding  the  dead  and  snow  load  stresses  in 
the  trusses,  either  by  use  of  the  co-efficients  given  in 
Godfrey's  Tables  or  by  graphical  computation,  the  wind 
stresses  should  be  found  and  combined  with  the  maxi- 
mum dead  and  live  load  stresses;  or,  if  the  wind  stress 
is  of  opposite  sign,  reversal  of  stress  should  be  tried  for, 
by  deducting  the  dead  load  stress  from  the  wind  stress. 
In  order  to  use  the  applied  wind  re-action,  which  will  be 
at  the  point  of  inflection  in  the  column,  the  bending  and 
shear  in  the  column  must  be  converted  into  forces  ap- 
plied at  intersections  for  insertion  in  the  graphic  dia- 
gram. For  example  take  the  forces  shown  in  Fig.  6. 
It  is  clear  that  the  reactions  of  4,000  lbs.  cannot  be  made 
use  of  in  the  graphic  diagram.  However  the  effect  of 
these  reactions  will  be  to  exert  forces,  a,  b^  c*  d«  which 
can  be  used  in  the  diagram.  Taking  moments  at  d  and 
b  we  find  a  and  c  to  be  9600;  by  moments  at  a  and  e  we 
find  b  and  d  to  be  6600.  The  reactions  e  and  f  remain  to 
be  found.  The  vertical  reaction  in  one  column  is  found 
by  taking  moments  around  the  point 'of  inflection  in  the 
other,  considering  only  externally  applied  loads.  Thus 
around  g  we  have  as  moments  7000  x  12  and  1000  x  22; 
the  reaction  t  is  then  106000-^25  =  4240;  e  is  also  4240. 
If  the  points  of  inflection  are  not  on  the  same  level,  of 
eourse  the  horizontal  reaction  at  the  one  not  taken  as 
the  center  of  moments  must  be  considered  as  an  exter- 
nally applied  load  for  finding  the  vertical  reaction  at  that 
Soint.  The  forces  a*  b,  c^  d>  need  not  be  considered  in 
nding  the  vertical  reactions  at  e  and  t  as  they  are  simply 
the  internal  effects  of  g  and  b.  The  vertical  reactions  • 
snd  t  must  be  equal. 
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truss  are  small.  Tlie  top  chord  Bliould  ba  dealened  for 
bending,  If  purlins  do  not  come  at  panel  points.  Th« 
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UemOerB  ahoul'd  Intersect  In  the  centers  used  ~ln  caicu- 
latlnK  the  streBses,  otherwise  bending  momenta  will  re- 
sult. The  chords  should  intersect  over  the  supports. 
The  rivet  lino  of  an  angle  having  one  row  ot  rivets,  or  the 
line   of   rivets  coming    nearer   the    heel    of    the   angle    for 

two  rows,  may   be  used  instead  of  f  "  ' "" 

of    the    angle.       In    general    the    m!n 

(or  a  truss  member  should  be  2W"i2'  _  „    . 

DrHclDK — The  proper  bracing  of  a  building  Is  a  very 
Important  matter  In  Its  design.  A  building  othemlse 
weak.   It   braced   well,   has  a.   better  chance   of  standing, 

fenerally  speaking,  than  one  that  Is  strong  In  Its  parts 
ut  poorly  braced.  The  bracing  transversely  through  tlia 
means  of  knee  braces  and  stIR  columns.  Including  tha 
effect  on  the  trusses,  has  been  mentioned.  If  each  pair 
of  columns  Is  thus  properly  braced,  there  Is  not  mnr'h 
need  of  horliontal  bracing  betwe 
plane  of  the  bottom  chorda,  excep 
the  building  and  struts  to  hold 
In  line.  Usually  the  end  bays  of  the 
the  building  Is  long,  several  intermedia 
pletely  braced,  as  Indicated  in  Fig.  7,  with  the  outer 
panels  In  other  bays  braced.  The  struts  should  run  ttie 
full  length  of  the  building.  Along  each  Hide  there  should 
be  eave  struts  of  some  depth,  attached  to  the  column  ani] 
the  truss.  The  other  struts  may  be  light.  If  they  ara 
of  the  proper  proportions  to  act  as  compression  membern 
they  will  take  the  nominal  stress  coming  upon  them.  To 
act  as  a  compression  member  the  radius  of  gyration,  for 
this  kind  of  construction,  should  be  at  least  one  one-hun- 
:d-and-nftleth  of  the  length.     The  diagonals  should  be 


!    building,    and.    If 


ireferably    ■ 


>  plate  as  t 


trut; 


or  they  may  be  of  angles. 
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Sometimes  the  wind  load  Is  carried  to  the  ends  of  the 
bnlldinir  to  avoid  the  use  of  knee  braces.  In  this  case  the 
wind  shear  may  be  assumed  as  equally  divided  anxgngr  the 
number  of  rods  that  may  be  simultaneously  In  tension 
In  one  bay.  The  chord  stresses  In  these  horizontal  trusses 
should  not  be  neglected  In  proiu>rtlonlng  the  struts. 

To  keep  the  top  chords  of  trusses  in  line  bracing:  fn 
the  plane  of  these  chords  Is  usually  employed.  If  the 
roof  covering  Itself  Is  rlgrld,  such  construction  as  concrete 
slabs  or  wood  sheeting:,  ft  may  be  relied  upon  for  bracing, 
but  some  sort  of  bracing  must  be  used  to  line  up  the  trusses 
during  erection  and  to  prevent  them  from  collapse.  The 
purlins  may  act  as  struts  for  the  top  chord  bracing.  In 
•peclal  cases  It  may  be  necessary  to  provide  an  extra  num- 
b«r  of  rivets  In  the  purlins  coming  near  the  point  where 
the  diagonal  rod  attaches  to  the  chord,  or  an  extra  heavy 
purlin  may  be  required. 

There  should  be  a  line  of  ridge  struts  running  from 

8eak  to  peak  of  trusses  the  full  length  of  the  building, 
ometimes  the  purlins  are  made  of  channels  and  this 
ridge  strut  Is  an  I  beam;  the  channels  on  each  slope  are 
tied  to  this  I  beam  by  sag  rods,  say  %"  in  diameter,  mid- 
way between  trusses.  These  sag  rods  serve  the  double 
purpose  of  holding  the  channel  purlins  in  line  and  of 
shortening  the  unsupported  length  of  the  I  beam  strut. 
Tliey  are  only  necessary  where  a  ventilator  truss  prevents 
the  roof  covering  from  meeting  on  the  ridge  of  the  main 
truss,  though  they  are  useful  wherever  channel  purlins 
of  long  span  are  employed. 

Where  a  ventilator  truss  Is  used,  there  should  be  diag- 
onal braces  from  the  ridge  strut  of  the  main  truss  to  that 
of  the  ventilator  truss  in  the  end  bays  of  the  building. 
Tliese  braces  may  be  of  angles  or  rods. 

The  bracing  of  the  side  of  the  building  to  prevent 
longitudinal  swaying  may  be  effected  by  the  walls.  If 
they  are  tile  or  brick.  The  end  bays  however,  should  have 
diagonal  bracing  for  the  alignment  of  the  building.  For 
buildings  covered  with  corrugated  iron  the  sway  bracing 
on  the  sides  should  be  proportioned  for  a  wind  load  on 
the  end  of  the  building  of  25  pounds  per  square  foot.  If, 
at  In  the  case  of  sheds  where  the  sides  of  the  building 
are  not  fully  covered,  a  space  of  say  8  or  10  feet  is  left 
open,  there  should  be  a  strut  at  the  top  of  the  open  space 
and  diagonal  bracing  from  this  strut  to  the  eave  strut. 

A  building  that  is  thoroughly  braced  to  resist  a  wihd 
load  of  25  lbs.  per  square  foot  can  be  relied  upon  to  be 
rigid  under  shocks  from  stopping  and  starting  of  the 
crane  etc. 

Girts — ^When  the  sides  of  a  building  are  covered  with 
corrugated  Iron,  It  Is  attached  to  the  horizontal  pieces 
running  between  the  columns,  called  girts.  Sometimes 
the  girts  must  also  act  as  struts  for  the  longitudinal  sway 
bracing.  In  this  case  they  should  be  proportioned  so  that 
the  length  unsupported  does  not  exceed  150  times  the 
least  radius  of  gryration.  The  vertical  load  carried  by  the 
Klrts  is  insignificant.  They  should  however  be  stiff 
enough  so  as  not  to  sag  from  their  own  weight.  It  is  to 
resist  the  horizontal  force  of  the  wind  that  girts  should 
be  proportioned.  To  be  consistent  the  sides  of  the  build^ 
Ing  should  be  designed  as  a  floor  to  carry  the  wind  as 
a  uniform  load,  the  girts  acting  as  beams.  For  short 
spans  single  angles  make  suitable  girts,  placed  with  the 
longer  flange  horizontal.  For  longer  spans  channels  placed 
with  their  webs  horizontal  offer  greater  resistance  for 
the  weight  of  steel  used.  In  order  to  prevent  the  channels 
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from  sasgins  they  may  be  suspended  from  the  eave  strut 
with  %*^  or  %"  rods,  say  two  in  a  bay.  The  fiber  stress 
allowed  on  sirts  may  be  very  high  without  detriment,  as 
failure  in  these  parts  is  very  improbable  and  deflection 
can  do  little  or  no  harm.  An  extreme  fibre  stress  of  24000 
lbs.  per  square  inch  will  be  amply  safe.  A  building  that 
is  weak  in  the  matter  of  girts  cannot  be  said  to  be  unsafe, 
as  the  steel  will  hang  together  even  if  bent  out  of  shape, 
unless  the  weakness  is  such  as  to  render  the  columns 
liable  to  failure,  or  unless  the  bending  of  the  walls  will 
cause  the  windows  to  break. 

If  the  walls  of  a  building  are  of  tile,  the  same  provision 
should  be  made  in  the  steel  work  to  resist  the  horizontal 
force  of  the  wind  normal  to  those  walls,  as  in  the  case 
of  corrugated  iron  walls;  as  a  tile  wall  offers  but  little 
resistance  against  the  wind  and  depends  upon  the  steel 
work  for  its  own  rigidity. 

The  greater  weight  and  thickness  of  brick  walls 
renders  them  capable  of  resisting  at  least  a  part  of  the 
wind  load,  but  the  walls  should  not  be  counted  upon  for 
any  more  than  their  stability  will  warrant. 

Brick  walls  in  cement  mortar  may  be  counted  upon 
to  resist  about  20  lbs.  of  wind  if  the  height  of  wall  does 
not  exceed  10  or  15  times  the  thickness.  To  increase  the 
stability,  when  the  walls  are  higher  in  proportion  to  the 
thickness,  pilasters  may  be  used  on  the  inside  of  wall  or 
buttresses  on  the  outside.  These  should  be  used  In  any 
case  when  the  trusses  rest  on  walls. 

Knd  Trusses — ^Usually  the  truss  and  columns  In  the 
plane  of  the  end  of  a  building  are  the  same  as  used  at 
Intermediate  points,  especially  if  there  Is  any  probability 
of  extending  the  building  at  a  future  time.  If  the  walls 
are  brick,  the  end  purlins  may  be  built  into  the  walls,  or 
a  channel  may  be  used  against  the  wall  and  bolted  thereto, 
or  a  truss  may  be  used  whose  center  is  at  the  inner  face 
of  the  wall.  End  trusses  of  a  train  shed  or  other  building 
of  long  span  are  sometimes  paired  with  trusses  six  or 
eight  feet  from  the  end  and  thoroughly  braced  to  the 
same  to  take  the  lateral  force  of  the  wind.  A  complete 
horizontal  truss  is  sometimes  necessary  between  the  bot- 
tom chords  of  the  end  truss  and  the  truss  adjacent,  if 
the  span  is  long,  to  take  the  force  of  the  wind  on  the 
end  of  building. 

End  Columns — The  end  of  a  building  usually  requires 
one  or  more  columns  to  support  the  girts.  These  should 
come  opposite  the  struts  in  the  bottom  chord  bracing. 
They  carry  little  or  no  vertical  load,  but  should  be  de- 
signed as  beams  to  take  the  wind  load  on  the  end  of  the 
building.  For  foundation,  pedestals  of  the  minimum  size 
may  be  used.  The  columns  may  be  rolled  I  beams  or  built 
of  angles  and  plates  in  the  shape  of  an  I  beam,  with 
double  lacing,  if  laced,  as  the  shear  would  put  the  lattice 
bars  in  compression,  if  single  lacing  be  used. 
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CHAPTER  VIII. 
The  Design  of  Beams  and  Girders. 

There  are  three  principal  thingrs  to  be  provided  for  in 
beams  and  girders,  namely:  section  modulus  sufficient  to 
take  the  bending  moments,  web  sufficient  to  take  the 
shears,  and  end  details  for  the  maximum  end  shears.  In 
built  girders  it  is  also  necessary  to  provide  for  horizontal 
shear,  or  in  other  words,  to  provide  rivets  enough  to  take 
the  shear  from  the  web  into  the  flanges,  where  it  becomes 
flange  stress.  The  stiffnes?  of  the  web  plate  against  buck- 
ling is  another  matter  for  consideration. 

To  And  the  beam  or  channel  necessary  to  take  a  given 
bending  moment,  reduce  the  bending  moment  to  inch- 
pounds  and  divide  this  moment  by  the  extreme  fibre  stress 
per  square  inch  allowed.  This  result  will  be  the  section 
modulus  required.  The  beam  or  channel  with  this  section 
modulus  can  then  be  found  in  the  table  of  properties 
of  beams  and  channels  in  the  column  headed  S.  Note 
that  to  reduce  the  beiiaing  moment  to  inch-pounds  it  is 
first  found  in  foot-pounds  and  then  multiplied  by  12.  Do 
not  make  the  error  of  substituting  in  the  formula  w  1< 
~-8  the  length  of  span  In  inches  where  w  is  the  load  per 
foot,  thus  making  the  moment  12  times  too  great. 

In  selecting  the  beam  to  use,  where  the  depth  is  not 
limited  by  clearance  or  otherwise,  it  is  often  more  eco- 
nomical to  tsLke  a  deeper  and  lighter  beam  than  a  heavy 
weight  of  the  shallow  section.  Often  a  stiffer  beam  than 
Is  required  may  weigh  less  than  one  Just  meeting  the  re- 
quirements in  a  heavy  weight  of  a  beam  of  less  depth. 
For  example,  suppose  a  section  modulus  of  31  were  re- 
quired. A  10"  I-beam  40  lb.  would  answer,  having  a  modu- 
lus of  81.7;  but  a  12"  I  beam  31^  lbs.  would  not  only  give 
greater  stiffness  but  would  weigh  less.  The  section  modu- 
lus of  the  latter  is  36.  In  general  it  is  more  economical  to 
use  the  standard  or  lightest  weights  of  beams  and  chan- 
nels. These  may  be  obtained  more  quickly  from  the  mills, 
and  they  are  stronger  per  pound  of  metal  than  the  heavier 
weights  of  the  same  depth. 

The  same  method  as  above  applies  in  selecting  a  zee 
bar  for  a  purlin,  or  angles,  tees,  etc.,  in  bending. 

A  built  beam  or  girder  (made  up  of  a  web  plate  and 
flange  angles  and,  when  necessary,  cover  plates  or  chan- 
nels) is  sometimes  proportioned  by  its  moment  of  inertia^ 
The  moment  of  inertia,  divided  by  half  the  depth  of  the 
beam,  if  symmetrical,  gives  the  section  modulus,  and  this 
multiplied  by  the  allowed  unit  stress  will  give  the  bend- 
ing moment  in  inch-pounds  that  the  beam  is  capable  of 
resisting.  If  the  beam  is  unsymmetrical,  the  section  mod- 
ulus is  found  by  dividing  the  moment  of  inertia  by 
the  distance  from  the  center  of  gravity  of  the  section, 
or  the  neutral  axis,  to  the  extreme  fibre,  on  the  side  of 
the  axis  where  the  distance  to  the  extreme  fibre  is  greater. 
In  finding  the  moment  of  inertia  of  a  built  beam,  or  a 
beam  made  up  of  I-beams  or  channels  with  cover  plates, 
all  rivet  holes  occurring  in  any  section  should  generally 
be  deducted,  whether  in  tension  or  compression  flange. 
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The  usual  method  is  to  treat  the  built  beam  as  though 
it  were  a  truss  with  the  flanges  as  chords.  The  bending 
moment  on  a  truss  divided  by  the  depth  center  to  center 
of  chords  skives  the  chord  stress  at  the  section  considered. 
So  the  bendingr  moment  on  a  sirder  divided  by  the  dis- 
tance center  to  center  of  g^ravity  of  flanges  grives  the 
■tress  in  the  llangres.  This  distance  between  the  centers 
of  gravity  of  flanges  is  called  the  effective  deptli.  The 
flange  includes  the  angles  and  cover  plates  or  side  plates 
or  cover  channels,  and  sometimes  a  part  of  the  web  plate. 

There  are  two  ways  of  reckoning  the  strength  of  a 
plate  girder,  differing  only  in  the  treatment  of  the  web 

folate.  In  the  flrst  the  web  plate  is  considered  as  taking 
ts  share  of  the  bending,  and  in  the  other  it  is  relied  upon 
to  take  shear  only.  The  flrst  is  rational  for  simple  beams, 
as  the  section  where  maximum  bending  moment  occurs 
is  the  section  of  minimum  shear,  and  vice  versa.  The  other 
method  is  however  better  practice,  and  is  usually  speci* 
fled  for  flrst  class  work. 

The  moment  of  resistance  of  a  beam  is  the  bending 
moment  it  is  capable  of  withstanding.  It  is  the  extreme 
flbre  stress  allowed  per  square  inch  multiplied  by  the 
section  modulus;  or  it  is  the  flbre  stress  allowed  multi- 
plied by  the  moment  of  inertia  and  divided  by  the  dis- 
tance from  the  center  of  gravity  or  neutral  axis  to  the 
extreme  flbre;  or  it  is  the  flange  stress  allowed  per 
square  inch  multiplied  by  the  flange  area  and  by  the 
effective  depth.  The  moment  of  resistance  of  a  rectan- 
gular section,  where  b  is  the  breadth  and  d  the  depth 
and  k  the  extreme  flbre  Btress,  is  kbd  'h-6.  If  we  sepa- 
rate this  expression  thus  k  d  x  bd/6,  we  flnd  that  it  is 
the  product  of  one-sixth  of  the  area  of  the  rectangle, 
the  depth  d,  and  the  extreme  flbre  stress.  Hence,  when 
the  web  plate  is  counted  in  the  flange,  one-sixth  of  its 
area  is  considered  as  applied  at  the  extreme  edge  in 
both  top  and  bottom  flanges.  On  account  of  rivet  holes 
reducing  the  available  area,  one-eighth  of  the  web  is 
often  used.  With  a  vertical  row  of  rivet  holes  in  the 
web  plate  one-sixth  of  the  net  area  is  about  right.  If 
the  holes  are  one  inch  in  diameter  and  spaced  four  inches, 
one-sixth  of  the  net  area  is  just  one-eighth  of  the  gross 
area. 

It  is  customary  in  proportioning  the  flanges  of  a 
girder  to  provide  enough  net  area  in  the  tension  flange  for 
the  maximum  flange  stress,  and  to  make  the  gross  area 
of  the  compression  flange  the  same  as  that  of  the  tension 
flanfce. 

When  the  web  plate  is  counted  as  assisting  the 
flanges,  the  center  of  gravity  should  be  calculated  as 
though  the  one-eighth  of  web  were  concentrated  at  the 
edge  of  the  web  plate,  or  the  back  of  flange  angles,  and 
not  one-sixteenth  or  one-twelfth  of  the  depth  of  web 
from  back  of  angles.  It  is  not  as  though  a  part  of  the 
web  were  cut  apart  from  the  rest  of  the  plate,  and  as- 
sumed to  act  as  flange;  but  this  is  a  theoretical  con- 
sideration and  gives  the  resistance  of  the  entire  web 
plate  against  bending. 

As  an  example  take  the  case  illustrated  in  Fig.  1; 
where  the  flange  angles  are  6''x3H"x%",  and  the  web 
plate  is  32"x%.  The  moment  of  the  area  of  the  angles 
about  the  axis  A  B  is  6.10x.86  =  5.26.  That  of  the  eighth 
of  the  web,  or  1.6  sq.  ins.,  is  zero,  since  it  is  assumed  to 
be  concentrated  at  the  back  of  angles.  The  total  flange 
area  is  7.60;  this  divided  into  5.25  gives  .69  inches  as  the 
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distance  from  A  B  to  the  center  of  gravity  of  the  flanflr^* 
The  effective  depth  is  therefore  82 — 2x.69  =  30.62  inches, 
or  2.66  feet.  As  the  bending  moment  is  usually  found 
in  foot-pounds,  the  effective  depth  should  be  found  in 
feet;  then  the  bending  moment  divided  by  the  effective 
idepth  gives  the  fiangp  stress  in  pounds.  For  greater 
^refinement,  if  the  web  plate  is  ^  in.  less  in  depth  than 
,the  distance  back  to  back  of  flange  angles,  a  little  dilfer- 
lence  in  the  effective  depth  will  be  found. 

The  effective  depth  must  never  exceed  the  distance 
back  to  back  of  flange  angles.  If  the  center  of  gravity 
of  the  flange  should  fall  outside  of  the  back  of  angles, 
the  distance  back  to  back  of  angles  is  taken  as  the  ef- 
fective depth. 

In  all  cases  where  the  web  plate  is  assumed  to  assist 
the  flanges,  it  must  either  be  in  one  piece,  or.  if  cut, 
it  must  be  spliced  for  bending  as  well  as  shear.  The 
splice  for  bending  may  be  made  by  additional  cover 
plates  across  the  cut  in  web,  or  it  may  be  made  by  side 
plates  just  inside  the  flange  angles.  The  additional  cover 
plates  do  not  present  a  neat  appearance.  A  cover  plate 
which  would  otherwise  end  about  at  the  web  splice  can 
be  /engthened  and  made  to  splice  the  web  for  bending: 
provided  its  net  area  is  equal  to  the  eighth  of  the  web 
plate,  and  provided  no  part  of  it  is  needed  in  the  flange 
of  the  girder  at  the  web  splice.  It  should  be  extended 
far  enough  beyond  the  splice  to  take  rivets  enough  for 
the  web  flange  stress.  This  stress  is  found  by  multiply- 
ing the  area  of  one-eighth  of  the  web  by  the  unit  stress 
allowed  in  the  flanges.  If,  as  is  often  the  case,  the  live- 
load  and  dead-load  unit  stresses  are  different,  the  aver- 
age unit  stress  is  found  by  dividing  the  total  net  flange 
area  into  the  maximum  flange  stress. 

Fig.  2  gives  a  common  form  of  web  splice.  In  this 
the  side  plates  must  have  a  moment  of  resistance  equiva- 
lent to  that  of  the  web  which  they  splice.  The  gross 
area  required  for  two  of  these  plates  is  found  by  multi- 
plying one-sixth  of  the  area  of  web  plate  by  D*  and 
dividing  by  d^.  The  unit  stress  in  these  side  plates  is 
d/D  times  that  of  the  flange  of  the  girder,  this  being  the 
ratio  of  the  respective  distances  from  the  neutral  axis; 
to  take  the  same  total  stress  as  the  eighth  of  the  web 
the  area  of  side  plates  would  then  have  to  be  D/d 
times  the  eighth  of  the  web;  but  the  total  stress  in  side 
plates  to  have  the  same  moment  must  be  D/d  times  that 
in  the  eighth  of  the  web;  hence  the  necessity  for  using 
the  second  power  of  the  ratio  D  over  d  as  stated  above. 
The  stress  in  these  sMe  plates  is  found  by  multlpljing 
the  area  of  the  eighth  of  the  web  by  the  unit  flange 
stress  allowed,  and  by  the  ratio  D  over  d.  There  must 
be  net  area  enough  in  the  side  plates  to  take  this  stress 
at  the  unit  flange  stress  allowed.  The  rivets  will  be 
proportioned  for  this  stress.  The  plates  running  ver- 
tically must  take  the  full  maximum  shear  at  this  section. 

In  most  railroad  work  and  in  much  other  work  the 
web  is  considered  as  taking  shear  only,  and  no  part  of 
it  is  counted  as  flange.  In  such  case  the  web  need  only 
be  spliced  for  shear.  The  same  rules  apply  as  to  center 
of  gravity,  effective  depth,  etc.,  as  given  above. 

Fig.  3  shows  a  few  different  styles  of  girder  flanges. 
The  channels  shown  at  (b)  and  (c)  in  the  top  flanges  are 
for  lateral  stiffness.  The  small  plates  under  the  angles  at 
(c)  are  not  to  be  recommended.  The  extra  angles  at  (d)» 
(f)  and  (g)  may  be  used  to  attach  laterals  to  keep  them 
out  of  the  way  of  the  ties.  The  sections  at  (f)  and  (ft) 
avoid   rivet   heads   and   cover   plates   and   thus   simplify 
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framing  of  the  ties.  The  projection  of  an  inch  or  so  of 
web  above  the  angrleB  is  to  prevent  lateral  movement  of 
ties,  the  ties  being  notched  over  this  web  instead  of  being 
notched  over  the  whole  flange.  The  single  plate  of  extra 
width  at  (h)  may  have  a  row  of  small  holes  drilled  in  the 
projection,  through  which  rods  are  run  for  attachment  of 
metal  mesh  on  a  girder  that  is  to  be  encased  in  concrete. 
Holes  may  be  punched  in  the  web  for  a  similar  purpose. 

The  rules  of  economy  would  require  that  the  metal 
of  the  flange  be  as  far  away  from  the  neutral  axis  as 
possible,  as  it  is  thus  made  more  effective  in  resisting 
moments.  Wide  side  plates  under  the  flange  angles  and 
extra  angles  on  the  web  reduce  the  effective  depth,  and 
hence  reduce  the  strength  of  a  girder  for  a  given  area 
of  metal.  The  side  plates  should  be  used  only  where  the 
area  of  flange  required  is  too  great  to  be  properly  made 
up  of  angles  and  cover  plates.  The  sizes  that  may  be 
used  in  angles  and  cover  plates  are  governed  by.  the 
thickness  of  metal  of  the  angles,  the  width  of  cover 
plates,  and  the  total  thickness  of  cover  plates  and  angles. 
If  the  thickness  of  angles  exceeds  by  more  than  about 
hi  in.  the  diameter  of  punch  to  be  used,  punching  will 
be  hard  on  the  tools,  and  drilling  may  have  to  be  resorted 
to,  with  its  added  expense.  Sometimes  designers  will 
keep  the  thickness  of  metal  below  that  where  reaming 
is  required  so  as  to  avoid  reaming. 

It  is  required  by  some  speciflcations  that  not  less  than 
one-half  of  the  area  of  the  flange  be  in  the  angles  or 
else  the  largest  size  of  angle  be  used.  This  should  be 
at  least  approximately  observed  in  all  work.  There  should 
not  be  a  large  excess  of  metal  in  the  cover  plates,  as 
they  are  removed  from  the  web  and  must  have  their  stress 
transmitted  to  them  through  the  angles.  Of  course, 
where  side  plates  are  used,  their  area  can  be  included 
with  that  of  the  angles  to  balance  the  area  of  cover 
plates. 

If  the  total  thickness  of  metal  of  flange  plates  anc' 
angles  is  great,  good  rivets  will  be  difficult  to  drive. 
Five  or  six  times  the  diameter  of  the  rivet  is  a  good 
upper  limit. 

The  width  of  cover  plates  is  sometimes  governed  by 
the  clearance.  Another  governing  condition  is  the  width 
from  rivet  line  to  outside  edge  of  plate.  This  should  not 
exceed  flve  inches  nor  eight  times  the  thickness  of  the 
outside  plate.  If  very  wide  plates  are  necessary  a  row 
of  stitch  rivets  can  be  used  to  hold  the  plates  together. 

The  flange  angles  of  a  girder  very  often  require  two 
rows  of  rivets  through  the  web  to  take  care  of  the  hori- 
zontal shear,  or  in  other  words,  to  transmit  the  shear 
of  the  webs  into  the  flange  angles  as  flange  stress.  This 
is  sometimes  overlooked  in  the  design  of  stringers  and 
floorbeams  for  bridges,  where  the  short  leg,  say  of  a 
0x4  angle  will  be  placed  against  the  web. 

It  is  common  practice  where  6x6  angles  are  used  to 
make  two  rows  of  rivets  in  each  flange  of  the  angles. 
Sometimes  only  one  row  is  used  in  the  horizontal  flanges. 
There  are  good  reasons  for  doing  this,  when  the  cover 
plates  are  not  very  wide  and  heavy.  The  stress  to  be 
transmitted  can  well  be  taken  care  of;  and,  for  rail- 
road bridges,  the  framing  of  ties  is  simplified,  as  only 
two  channels  need  be  cut  for  rivet  heads  instead  of  four. 

Where  an  I  beam  is  reinforced  by  cover  plates,  add 
to  the  moment  of  inertia  of  the  I  beam  that  of  the  two 
Plates  in  their  positions.    This  divided  by  half  the  extreme 
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depth  (d/t)  will  give  the  section  modulus.  In  obtainlnt 
the  moment  of  inertia  of  the  reinforced  I  beam  the  mo- 
ment of  inertia  of  the  rivet  holes  in  top  and  bottom 
flanges  of  beam  and  in  the  cover  plates  should  be  de- 
ducted. This  will  put  this  kind  of  beam  on  the  same 
basis  as  a  built  girder  where  the  net  flange  area  is  used 
and  the  compression  flange  is  made  of  the  same  gross 
area  as  the  tension  flange. 

The  top   flange  of  a  beam  or  girder  being  in  com- 

I»ression  must  be  treated  as  a  column.  The  unsupported 
ength  mubt  be  kept  within  a  certain  number  of  times 
its  width,  or  else  the  unit  stress  must  be  reduced  accord- 
ingly. The  method  employed  in  allowing  for  unsupported 
flanges,  as  given  in  the  Carnegie  Pocket  Companion,  is 
to  allow  the  full  tabular  load  when  the  unsupported 
length  is  20  times  the  flange  width,  or  under,  and  to  al- 
low one-half  the  tabular  load  when  the  unsupported 
length  is  70  times  the '  flange  width;  all  intermediate 
values  are  found  by  interpolating. 

The  ends  of  the  compression  flange  of  a  beam  or 
girder  must  be  held  against  lateral  motion,  or  the  load 
carrying  capacity  will  be  very  greatly  impaired.  This 
may  be  done  by  a  cross  frame  or  by  gussets  or  struts, 
or  by  building  the  beam  into  a  wall.  Some  tests  recently, 
made  threatened  to  upset  existing  standards  on  the 
strength  of  beams  because  of  the  low  showing  of  ulti- 
mate strength.  The  tests,  however,  were  misleS,ding 
and  of  small  value,  because  the  beams  were  totally 
without  lateral  support  at  the  ends. 

The  bending  moment  in  a  plate  girder  is  of  course  not 
constant  throughout  its  length,  so  that  the  full  flange 
need  not  be  carried  from  end  to  end.  The  curve  of  maxi- 
mum bending  moments  in  a  simple  span  due  to  a  uni- 
form load  is  a  parabola  with  its  axis  vertical  and  its 
apex  over  the  center  of  span.  (The  moment  under  a  con- 
centrated load  w  1/2  in  any  position  is  the  same  as  that 
produced  by  a  load  wl  covering  the  span  1»  at  the  section 
where  the  concentrated  load  is  placed).  If  the  flange  sec- 
tion is  in  the  same  proportion  as  the  bending  moment, 
the  theoretical  conditions  are  satisfled.  The  cover  plates 
may  therefore  be  made  shorter  than  the  span. 

Fig.  6  represents  the  flange  of  a  girder.  Y  is  the 
length  of  the  cover  plate  to  be  found;  x  is  the  area  of 
cover  plates  "from  top  down,"  that  is,  for  the  outside 
cover  plate  it  is  the  area  of  that  plate,  for  the  second 
it  is  the  combined  area  of  the  two,  etc.,  c  is  the  length 
of  span  and  a  the  total  flange  area.  All  lengths  are  in 
feet  and  areas  are  in  square  inches.  The  second  form 
of  the  formula  is  given  for  convenience  in  solving  by 
means  of  the  slide  rule.  Finding  the  value  a  on  the 
cylinder  and  placing  it  opposite  the  value  c  on  the  scale 
of  square  roots  the  values  of  Y  may  be  read  on  the 
square  root  scale  opposite  the  various  values  of  x  on 
the  cylinder.  Oross  areas  are  usually  employed  in  the 
calculations. 

The  lengths  of  cover  plates  obtained  by  the  foregoing 
are  called  the  theoretical  lengths.  It  is  to  be  noted  that 
this  theory  involves  a  constant  depth  of  girder.  The 
effective  depth  is  not  constant,  however,  as  it  drops  where 
a  cover  plate  ends.  This  is  one  reason  why  the  flange 
plate  should  be  longer  than  the  neat  theoretical  length. 
Further,  where  the  plate  is  actually  needed,  it  should 
receive  at  least  some  of  the  rivets  necessary  to  take  its 
stress.    It  is  customary  to  make  cover  plates  from  a  foot 
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to  two  feet  longer  at  each  end  than  the  formula  requires. 
It  l8  the  usual  practice  to  make  one  top  flange  plate  run 
the  full  lengrth  of  the  sirder,  so  as  to  stiffen  that  flange 
as  a  column. 

The  above  formula  applies  also  in  the  case  of  a  girder 
where  the  loads  are  concentrated  at  regular  intervals^ 
as  for  a  girder  span  having  floorbeams  and  stringers; 
for»  while  the  line  of  bending  moments  is  not  a  parabola, 
it  will  be  found  that  the  bending  moments  at  the  differ- 
ent concentrations  will  lie  in  a  curve  of  a  parabola,  and 
at  intermediate  points  the  line  will  fall  within  the  para- 
bola. 

In  girders  loaded  with  irregular  concentrations  the 
bending  moments  do  not  follow  the  same  curve.  A  floor- 
beam  supporting  stringers  is  an  example  of  such  case. 
In  the  floorbeam  shown  in  Fig.  6  the  bending  moment 
between  the  stringers  (due  to  stringer  loads)  is  constant 
The  point  at  which  the  cover  plate  should  end  can  be 
found  by  calculating  the  moment  of  resistance  of  the 
girder  without  the  flange  plates  and  dividing  this  mo- 
ment by  the  reaction.  This  will  give  the  distance  a 
from  the  end  of  the  cover  plate  to  the  support.  Or,  other- 
wise, a  :  (a+b)  =  ( flange  area  exclusive  of  cover  plate): 
(total  flange  area).  Note  that  there  must  be  enough 
rivets  in  the  length  b  to  take  the  full  stress  of  the  cover 
plate.  The  above  method  may  give  a  length  too  short 
to  accommodate  the  rivets  necessary.  In  general  it  may 
be  necessary,  where  bending  moments  increase  rapidly, 
reaching  their  maximum  in  a  short  distance,  to  determine 
the  lengths  of  cover  plates  by  the  number  of  rivets  they 
are  required  to  contain  for  their  stress,  taking  into  ac- 
count the  rivet  spacing  possible,  or  that  which  is  re- 
quired  by   other  considerations. 

In  girders  composed  of  I  beams  or  channels  and  cover 
plates,  to  And  the  length  of  cover  plate  needed,  deter- 
mine the  point  where  the  bending\  moment  is  such  that 
the  beams  or  channels  alone  will  resist  it.  Let  the  cover 
plate  run  a  foot  or  so  beyond  this  section. 

The  rivets  in  a  flange  plate  counting  from  the  end 
of  the  plate,  must  be  capable  at  any  section  of  taking 
the  stress  at  that  section.  In  the  case  of  a  simple  beam, 
since  the  stress  varies  as  the  ordinates  of  a  parabola, 
there  must  be  enough  rivets,  if  spaced  uniformly,  to  take 
twice  the  maximum  stress,  counting  from  the  end  of 
plate  to  the  middle  of  span.  Or  the  rivets  may  be  spaced 
closer  toward  the  ends  of  plate. 

In  girder  flanges  such  as  those  shown  at  (d>»  Cf  >»  ai^^ 
(ic)»  Fig.  3,  the  extra  angles  may  stop  short  of  the  ends 
of  girders.  The  theoretical  point  where  they  are  no 
longer  needed  is  found  by  calculating  the  moment  of 
resistance  of  the  girder  without  these  angles  and  locat- 
ing the  point  where  the  actual  bending  moment  Is  equal 
to  this. 

The  graphical  method  of  showing  on  a  strain  sheet 
the  required  length  of  cover  plate  is  to  draw  a  parabola 
similar  to  Fig.  5  the  base  of  which  is  the  length  of  span 
and  the  middle  ordinate  Is  the  maximum  bending  mo- 
ment. The  middle  ordinate  may  be  drawn  in  terms  of 
square  Inches  required  In  flange  area.  Vertical  distances 
on  this  same  scale  will  then  show  areas  of  the  component 
parts  of  the  flange.  Horizontal  distances  on  the  same 
scale  as  the  span  length  will  then  show  lengths  of  flange 
nlates  required. 

Whenever  possible  the  parts  of  a  flange  should  be  tB 
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one  piece.  However  splioinr  i«  often  neoetsary  on  ac- 
count of  the  limit  of  lengths  obtainable  or  for  other  rea- 
sons. For  example,  in  Fis.  7  the  top  flange  angrles  could 
not  be  handled  conveniently  for  curvingr  in  one  piece, 
even  if  obtainable  in  the  lenarth  necessary.  The  two 
flange  angles  should  not  be  spliced  at  the  same  section 
but  two  feet  or  so  apart.  The  cover  plate  should  be 
spliced  at  still  another  point. 

To  splice  a  single  angle  usually  a  cover  angle  is  em- 
ployed, the  heel  being  filleted  by  planing  or  grinding 
to  fit  the  flange  angle,  the  projection  beyond  the  flange 
angle  being  also  planed  away. 

When  any  component  part  of  a  erirder  flange  is  spliced, 
it  should  be  planed  for  a  neat  flt,  though  the  full  number 
of  rivets  should  be  used  for  the  stress  of  that  part, 
whether  in  tension  or  compression.  This  is  the  only 
safe  method,  as  there  can  be  no  certainty  of  the  parts 
bearing  where  only  a  fraction  of  the  section  is  cut.  An 
opening  of  one  thirty-second  of  an  inch  is  as  bad  as  an 
eighth,  so  far  as  transmitting  compression  is  concerned. 
The  practical  features  of  the  case  should  receive  con- 
sideration. It  Is  difficult,  and  in  some  cases  impossible, 
for  an  inspector  to  ascertain  if  the  spliced  parts  are  in 
contact,  after  the  girder  has  been  assembled. 

It  may  be  stated  as  a  general  principle  that  all  abut- 
ting surfaces  should  be  fully  spliced  unless  the  entire 
section  of  the  member  is  cut  and  planed  square. 

A  splice  in  a  cover  plate  should  be  made  with  a  plate 
of  equal  sectional  area.  One  cover  plate  may  be  extended 
to  splice  another,  provided  the  flrst  is  not  needed  in  the 
flange  at  the  section  where  the  other  is  cut.  An  error 
liable  to  be  made  is  to  run  the  outside  cover  plate  to  B 
only  (Fig.  8)  with  the  second  cover  plate  cut  at  A,  when 
both  are  needed  to  section  B.  It  is  seen  that  at  A  there 
Is  the  strength  of  only  one  cover  plate.  This  arrangement 
would  be  allowable  if  A  were  the  point  where  the  outside 
cover  plate  would  end  if  the  second  were  not  spliced. 

Sometimes  angles  are  used  in  connection  with  plates 
to  splice  the  cover  plates.  Again  the  same  plates  or 
angles  may  be  used  to  splice  more  than  one  cover  plate 
when  the  cuts  occur  near  together. 
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rig.e  rig.9 

Fig.  9  illustrates  a  wrong  method  of  splicing  more 
than  one  part  with  the  same  pieces.  In  this  the  two 
angles  and  plate  are  equal  in  section  to  one  of  the  cover 
plates  to  be  spliced,  and  12  rivets  in  single  shear  are 
necessary  to  splice  one  plate.  An  inspection  of  this  de- 
tail will  show  that  (disregarding  the  flange  angles  and 
the  web,  as  these  cannot  be  considered  as  splicing  pieces) 
if  rupture  should  occur  on  the  heavy  line,  only  18  rivets 
would  be  sheared  instead  of  24.  There  should  be  12  in- 
stead of  6  rivets  between  B  and  C.  In  other  words  the 
splicing  pieces  should  be  as  long  as  they  would  be  if 
not  continuous.     Splices  of  the  several  parts  of  a  flange 
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comingr  in  close  sueeesaion,  %yn  though  thtre  should  be 
pufTicient  rivets,  and  sufficient  sectional  area  at  the  va- 
rious  sections,  are  not  srood.  There  is  not  room  enough 
for  the  stresses  to  distribute  themselves  uniformly 
throughout  the  section.  In  other  words  the  flange  does 
not  recover  its  uniformity  of  stress  before  it  is  further 
disturbed  by  another  splice.  If  the  splices  are  thus 
bunched,  the  splicing  pieces  and  the  rivets  beyond  the 
outer  cuts  should  be  nearly,  If  not  quite  capable  of  tak- 
ing the  full  stress  of  all  parts  spliced. 

The  number  of  rivets  required  in  the  flange  of  a  built 
girder  in  a  given  distance  is  determined  by  the  increment 
which  the  flange  stress  receives  in  that  distance.  The 
rivets  required  between  two  given  sections  may  be  found 
by  calculating  the  bending  moments  and  flange  stresses 
at  the  two  sections  and  providing  rivets  enough  to  take 
the  difference  between  these  flange  stresses.  This  differ- 
ence in  flange  stress  must  be  for  the  same  condition  of 
loading.  It  should  further  be  the  maximum  difference. 
A  better  way  of  flnding  the  spacing  of  riVets  is  by  means 
of  the  maximum  shear. 

The  rule  for  finding  the  pitch  of  rivets  at  any  section 
of  a  girder  is  as  follows:  Find  the  maximum  shear  at 
the  section  under  consideration  and  divide  this  by  the 
effective  depth  of  the  girder.  This  is  called  the  shear 
per  foot  or  shear  per  foot  run;  let  it  be  designated  by  F. 
This  is  the  increment  to  the  flange  stress  in  a  foot  along 
the  flange,  since  the  lines  of  shear  are  at  46  degrees  and 
the  horizontal  shear  is  equal  to  the  vertical  shear  at  any 
point.  If  the  strength  of  one  rivet  be  R  the  number  of 
rivets  required  in  a  foot  is  F^R.  This  result  divided 
into  12  is  the  spacing  or  pitch  p  of  the  rivets;  or  in  one 
operation. 

p=12   Rh-P 

This  formula  Is  for  flnding  the  pitch  of  rivets  in  the 
vertical  leg  of  the  flange  angles.  R  is  generally  the  value 
of  a  rivet  in  bearing  on  the  web  plate.  The  effective 
depth  of  the  girder  is  here  used  and  not,  as  sometimes 
given,  the  distance  between  rivet  lines  of  flanges.  The 
application  of  the  flange  stress  is  at  the  center  of  gravity 
of  the  flange,  and,  while  there  will  be  eccentric  stresses 
to  overcome,  if  the  rivet  line  does  not  coincide  with  this 
center  of  gravity,  this  eccentricity  can  be  taken  up  by 
the  web  plate  and  into  the  stiffeners.  The  stress  on  the 
rivets  is  not  materially  changed.  A  girder  could  be 
designed  having  only  one  row  of  rivets  joining  the  top 
and  bottom  flanges,  and  this  row  through  the  middle  of 
the  web.  If  it  were  proper  to  use  the  depth  between 
rivet  lines  in  determining  rivet  pitch  such  a  girder  would 
require  an  inflnite  number  of  rivets  in  this  single  row. 

When  side  plates  are  used  in  the  make-up  of  a  girder 
flange,  there  will  be  probably  two  double  rows  of  rivets. 
The  rivets  in  a  foot  along  the  girder,  counting  both  rows, 
will  then  be  required  to  take  the  shear  per  foot. 

Where  a  fraction  of  the  web  plate  is  counted  In  the 
flnnge  of  a  girder,  not  all  of  the  flange  stress  is  trans- 
mitted from  web  to  flange  angles,  as  some  of  It  remains 
in  the  web  plate.  The  flange  increment  per  foot  taken 
by  the  web  will  then  be  less  in  the  ratio  of  the  flange 
area  exclusive  of  the  web  to  the  total  area;  or  the  spac- 
ing may  be  greater  in  the  inverse  ratio. 

In  deck  girders,  where  ties  rest  on  the  top  flange 
angles,  the  rivets  In  these  angles  must  perform  the  ad- 
ditional duty  of  supporting  the  load  of  the  tie.     Usually 
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tke  load  of  tho  maximum  eoneentratton  is  assttoiad  to 

be  distributed  over  two  or  three  feet  of  the  flangre.  This 
gives  a  vertical  force  on  tha  rivets  which  we  will  call  V 
per  foot  alongr  the  flange.  This  is  combined  with  the 
shear  per  foot  F  as  follows: 

P'= square    root    (FM-V*) 

The  rivet  pitch  is  then: 

»  =  12R-S-F' 

The  foregroingr  will  determine  the  rate  of  spacinsr  the 
rivets  in  the  flange  of  a  girder.  Usually  this  rate  is  found 
for  the  maximum  end  shear,  then  again  about  the  depth 
of  girder  from  the  end,  or  at  the  first  intermediate  stif- 
fener,  and  so  on  until  a  section  is  reached  where  the 
spacing  required  is  the  maximum  allowed.  Where  the 
shear  is  constant  the  rivet  spacing  should  be  constant. 
It  is  an  evidence  of  poor  desigrning  to  see,  in  a  girder 
taking  concentrated  loads,  a  change  from  close  spacing  to 
wide  spacing  between  the  end  and  the  first  concentration. 
The  maximum  spacing  allowed  is  ordinarily  six  inches; 
or,  in  a  deck  girder  carrying  ties,  it  is  usually  limited  to 
4  or  4%  Inches. 

Sometimes  conditions  do  not  allow  a  regular  spacing 
of  rivets,  and  they  are  grouped,  as  in  girders  carrying 
trough  floors  or  cross  beams.  In  such  cases  the  rivets 
required  in  a  group  are  determined  from  the  shear  or 
flange  increment  in  a  distance  equal  to  that  from  center 
to  center  of  groups. 

By  knowing  the  shear  per  square  inch  at  any  section 
of  a  girder  the  rivet  spacing  may  be  found  approximately 
as  follows:  Assuming  that  the  effective  depth  of  girder 
is  equal  to  the  full  depth  of  web  we  should  have  a  shear 

f»er  foot  equal  to  that  on  one  foot  of  the  web,  or  a  shear 
n  a  portion  of  the  web  equal  in  depth  to  the  rivet  pitch, 
equal  to  the  stress  on  one  rivet.  With  a  web  thickness  t, 
a  rivet  pitch  p,  and  a  unit  shear  S,  allowing  15,000  d  as 
the  bearing  value  of  a  rivet,  we  should  have: 
8  p  t  =  15,000  d  t,  or  p  =  15,000  d-i-S 
Solving  for  various  unit  values  we  have  the  values 
shown  In  Table  I. 

TABLB  I. 
Rivet  Pitch  for  Varloas  Unit  Shears. 


1  8000  1  7000  1  6000  |  6000  | 

4000  1 

8000  1  2000 

%"  Rlv. 

1  1.64  1  1.73  1  2.19  1  2.63  | 

3.28 

4.38  1  6.56 

%"  Riv. 

1  1.41  1  1.61  1  1.88  1  2.25  | 

2.81  i 

3.75  1  5.63 

The  web  plate  of  a  built  girder  is  proportioned  for 
the  maximum  shear  to  which  the  girder  is  subjected. 
The  usual  allowance  is  6.000  lbs.  per  sq.  in.  on  the  gross 
area.  If  the  allowance  is  7,500  lbs.  or  more,  the  net  area 
ought  to  be  used,  deducting  the  vertical  line  of  rivet 
holes.  The  thickness  of  the  web  plate  is  often  deter- 
mined by  other  considerations  than  the  shear  to  be  car- 
ried. The  maximum  thickness  of  metal  allowed  may 
give  more  area  of  web  than  the  unit  safe  shear,  or  a 
plate  selected  to  flll  these  two  requirements  may  neces- 
sitate too  close  spacing  of  rivets  in  the  flanges.  Again, 
if  the  web  plate  be  very  deep,  a  plate  having  the  bare 
area  required,  or  even  a  plate  of  the  allowed  thickness 
of  metal  may  be  too  thin  for  its  depth.    A  good  limiting 
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thlokn*aa  li  1/tOO  of  tba  cUm-  d«pth  batwetn  tha  lUnc* 

Olrder  nebs  should  alwaya  be  Bpllced  with  a  piktt 
on  each  aide.  Tig.  10  shows  •  apllce  In  a  small  girder. 
There  muat  be  rivets  enougli  on  each  side  of  the  cut  to 
take  the  maximum  shear  occurrlnK  at  the  section.  As 
a  rule,  bearing  on  the  web  plate  will  determine  the  value 
ot  a  rivet.  Soma  allowance  should  be  made  In  additional 
rivets  on  account  of  eccentricity,  or,  If  reflneiuent  la  dt- 
■Ired  this  eccentricity  may  be  computed. 
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Splices  are  preferably  made  with  platea  wide  enongli 
to  take  four  rows  of  rlveta  aa  shown  in  Tig.  11. 

The  foreKolng  spllceg  are  to  be  used  where  the  web 
takes  ah  ear  alone  and  Is  not  counted  as  aaslatlng  tiM 
-angr- 
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iome   Bpeclflcattona   re  autre   that   atltCener   angles   b« 
.i  at  all  web  apllces. 
The  question  of  the  spacing  of  web  stlfteners  Is  treated 


at  some  lengtli  elsewhere  In  this  book.  The  best  method 
of  spacing  the  stlfFenera  U  to  treat  diagonal  elements  of 
the  web  as  columns  and  keep  the  lengths  of  these  columns 
within  proper  limits.  This  requires  closer  spacing  of 
Stiffenera  where  the  shears  are  great.  An  approximation  ' 
to  this  Is  a  rule  by  which  etlffeners  if  needed,  are  spaced 
one-half  of  the  depth  of  web  apart  at  ends  of  girder.  IQ- 
creaslng  to  the  full  depth  at  center  of  span.  Another 
rule  is  to  space  the  Btlffenera  about  the  depth  of  web 
apart  (or  not  more  than  E  or  6  feet  as  a  maximum)  tor 
the  full  span.  The  question  U  not  so  much  one  of  the 
ability  of  tha  web  plate  to  carry  the  shear  without  fail- 
ure, but  It  is  a  question  of  whether  this  shear  is  carried 
In  compression  as  well  as  tension.  It  would  not  cause 
failure  In  the  web  plate  to  talie  the  shear  In  the  direc- 
tion of  the  tension  lines  only,  but  It  would  dlaarranse 
the  assumed  distribution  of  Internal  stresses  in  the 
girder.  Instead  of  the  girder  being  in  effect  a  lattice 
girder  with  a  double  syatem  of  diagonals.  It  becomea,  IB 
the  case  of  a  deep  web  plate  not  sufficiently  braced,  t 
girder  with  but  one  system.  This  throws  the  greater 
part  of  the  flange  stress  near  the  ends  of  girder  Into  the 
top  flange,  compelling-  the  rivets  In  tha  same  to  take 
the  greater  part  of  the  horliontal  shear. 

A  practical  objection  to  wide  spacing  of  stlfteners  li 
met  with  when  the  web  plate  Is  found  to  be  buckeled. 

Some  spe c I fl cations  require  that  stlfteners  be  used 
when  the  clear  distance  between  flange  angles  la  mora 
than  60  times  the  tbtckness  of  web. 
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The  rational  rule  for  spadngr  stlffeners,  above  re- 
ferred to  allows  a  shear  per  square  Inch  on  the  web 
plate=12,000~(l-Hl*-i-8.000t^)  in  which  d  is  either  the 
clear  depth  between  flangre  angrles  or  the  clear  distance 
between  stiffeners.  When  the  unit  shear  is  within  this 
amount,  no  stiffeners  are  required.  When  required,  the 
distance  in  clear  between  stiffeners  is  found  by  this 
formula.  In  order  to  avoid  solviner  for  d  the  distance  be- 
tween stiffeners  may  be  found  in  multiples  of  the  web- 
thickness  by  the  foUowingr  table: 


TABLES  II. 

• 

d 

t 

Alld.  Shear 
per  sq.  in 

d 

t 

Alld.  Shear 
per  sq.  in. 

d 

t 

Alld.  Shear 
per  sq.  in. 

40 
60 
60 
70 

7830 
6660 
6460 
4660 

80 

90 

100 

120 

3830 
8240 
2770 
2070 

140 
160 
180 
200 

1690 

1260 

1020 

840 

Stiffener  ansrles  which  carry  any  loads,  as  where  a 
concentrated  load  rests  above  the  stiffener,  or  in  a  deck 
irirder  carrying:  ties  on  the  top  flangre  angrles,  or  end 
stiffeners  taking:  the  reaction,  should  invariably  be 
straight  and  not  crimped.  A  crimped  angle  is  an  already 
crippled  column. 

Stiffener  angrles  not  taking:  a  direct  load  act  merely 
to  hold  the  web  plate  agrainst  bucklingr.  They  may  there- 
fore be  crimped.  Such  stiffeners  take  no  calculable  load, 
though  some  speciflcations  require  that  they  be  capable 
of  carrying:  the  shear  of  the  web  plate.  It  is  hard  to 
see  what  course  this  shear  could  have  in  the  stiffener 
angrles,  since  it  has  no  outlet  from  them  and  would  have 
to  be  returned  to  the  web  agrain. 

Stiffener  angrles  should  be  in  pairs,  one  on  each  side 
of  the  grirder,  and  should  conform  to  the  size  of  flangre 
angrles,  extending  out  nearly  to  the  edge  of  the  same. 

End  Details — For  beams  in  buildings,  standard  end 
connections  have  been  adopted  by  manufacturers.  These 
are  shown  in  Carnegie  Pocket  Compaaloa  and  Godfrey's 
Tables. 

Using  the  same  bearing  value  on  rivets  as  the  ex- 
treme flbre  stress  allowed  in  the  beams,  and  one-half  of 
this  in  shear,  the  shortest  spans  at  which  the  standard 
weights  of  beams  loaded  to  their  capacity  with  uniform 
load  may  be  used  with  these  standard  end  connections 
are  shown  in  Table  III. 

Where  two  beams  on  opposite  sides  of  a  girder  con- 
nect with  the  same  rivets  through  the  web  of  the  girder, 
it  may  be  necessary  to  provide  more  rivets  than  the 
standard  connections  show;  as  the  value  of  the  rivets 
in  bearing  on  the  web  of  the  girder  may  be  less  than 
the  double  shear. 

In  bridges  it  is  not  safe  to  rely  on  standard  end  con- 
nections without  calculating  the  strength  of  the  same: 
in  fact  some  other  form  of  detail  is  usually  made  use  of. 
The  loads  of  locomotives,  cars,  or  wagons  give  greater 
end  reactions  in  proportion  to  the  capacity  of  the  beam 
for  uniform  load  than  the  uniform  load  would  grive.  The 
end  shears  and  floor-beam  reactions  should  therefore 
always  be  found,  and  the  details  proportioned  accord- 
ingly. 
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TABLB  in. 
LMd««   Wltk   VMfform   Load   to   Their   C«9«eltT 
Bztreme  Fibre  StreM  16.000  lbs.  per  Sq.  la. 
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Note:  The  above  table  is  to  be  used  as  a  gruide. 
Ordinarily  beams  should  have  spans  within  the  limits 
in  columns  4  and  6.  Special  end  connections  should  be 
used  on  beams,  loaded  to  their  capacity,  having:  spans 
less  than  those  griven  in  column  4.  Web  stiffeners  should 
be  used  on  beams  of  shorter  spans  than  those  in  column 
3,  and  flangre  bracing:  is  required  for  spans  longer  than 
those  in  column  6. 

In  an  end  detail  of  a  built  beam  such  as  shown  In 
Fig:.  12  the  value  of  the  rivets  in  the  end  ang:les  throug:h 
the  web  is  the  bearing:  value  on  the  web  plate,  or  double 
shear  if  this  be  less;  not  the  bearing:  on  metal  the  thick- 
ness of  the  web  plus  the  fillers,  since  these  fillers  are 
held  in  place  by  the  same  rivets.  If,  however,  the  plates 
used  as  fillers  are  run  back  to  take  other  rivets  in  the 
web,  as  in  Fig:.  13,  these  may  also  be  counted  in  bearing: 
on  the  web;  and  this  will  g:ive  the  value  of  this  end  de- 
tail, provided  it  is  less  than  double  shear  on  the  rivets 
in  the  ang:les  alone. 
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Fir.  14  fflytf  a  dttall  whtre  the  beam  rests  on  a 
bracket  and  is  held  against  displacement  by  a  lug  on  the 
side.  This  lug  is  not  counted  upon  to  take  any  part  of 
the  reaction,  but  the  bracket  should  take  the  full  load. 
When  the  lug  is  at  the  top  of  the  beam  as  in  Fig.  16, 
its  function  is  to  hold  the  beam  in  place. 

Sometimes,  for  convenience  in  erection,  a  large  girder 
will  be  provided  with  a  temporary  support  consisting  of 
a  lug  angle  with  four  rivets.  Again  a  corner  detail  for 
diagonal  bracing,  as  shown  in  Fig.  16  may  be  used  as 
temporary  support.  A  detail  such  as  shown  in  this 
figure  should  not  be  counted  upon  to  take  any  part  of 
the  load  of  the  girder;  as  the  vertical  angles  are  not  a 
bearing  fit  against  the  girder,  and  are  not  cut  off  square. 
Further  the  rivets  have  their  part  to  perform  in  resisting 
the  stresses  due  to  the  bracing. 
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A  detail  for  heavy  girders,  where  a  supporting  bracket 
is  to  be  used  also  as  a  gusset  for  bracing,  is  shown  in 
Pig.  17.  In  this  the  shelf  angle  with  its  stiffener  angles 
Is  to  be  proportioned  to  carry  the  vertical  load  of  the 
girder. 

If  beams  xest  on  stone  or  brick  work,  the  bearing  pres- 
sure should  li^t  exceed  say  200  lbs.  per  sq.  in.  for  brick  in 
cement  mortar  and  300  lbs.  for  stone.  Where  there  is 
no  additional  plate  riveted  on  the  bottom  flange  to  give 
greater  bearing  surface,  or  where  there  is  no  loose  bear* 
ing  plate  on  the  wall,  the  area  of  flange  bearing  on  the 
wall  should  be  such  as  to  give  the  allowed  pressure  per 
Bq.  in.  An  idea  may  be  had  of  the  length  beams  should 
extend  into 'brick  or  stone  walls,  for  spans  twelve  times 
the  depth,  by  reference  to  Table  III. 

Built  beams  or  girders  should  have  rivets  enough  in 
the  end  stiffener  angles  to  take  the  reaction  of  the  beam, 
Just  as  though  these  angles  were  riveted  to  some  other 
part  of  the  steel  work.  The  stiffener  angles  should  be 
close  fitting  between  the  flange  angles.  They  act  as  a 
column  to  take  the  reaction,  but,  inasmuch  as  they  be- 
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When  the  flanKe  angles  of  a  girder  are  curved  OTtf   , 
Mid   extend   down   to   the   bearing   plate,   they   are   ottan 
made   use   of   aa   end   stiffen  era.     Inaamuch   as   they  an 
usually  crimped  to  go  over  the  flange  angles,  they  male*   ' 
poor  end  stlffeners.     It  la  better  to  use  them  chiefly  tor 
appearance,    adding   stlffener    angles   that   can    be   made 
straight  aa  shown  In  Fig.  IS.   As  shown,  these  end  angle*   I 
can  be  blocked  out  to  let  the  bottom  flange  angles  nin   ' 
full  length. 

Sometimes  a  cast  shoe  is  used  under  the  gIrdeT  aa 
Indicated  In  Fig.  20,  with  a  pin  on  which  the  girder  mW 
rock,  BO  that  deflection  will  not  disturb  the  uniform 
distribution  of  the  load  on  t~he  masonry.  This  is  necas- 
•ary  only  for  long  and  heavy  spans. 

Fig.  21  to  2E  Inclusive  show  some  typical  connection! 
of  beams  to  columns  In  building  work.  These  are  for 
ordinary  caaea  of  beams  of  the  usual  spans  selected  tor 
the  several  sizes  of  beams.  A  standard  set  of  details  11 
often  worked  up  for  a  given  building.  Special  cases  niaf 
arlHe  where  a  beam  carrying  a  heavy  load  and  having 
tt  short  span  will  require  more  rivets  than  this  stand- 
ard. Such  cases,  of  course  require  special  details.  Ods 
case  that  requires  special  note  is  where  one  beam  (rana* 
Into   another   close   to   the   support   of   the    latter.     The 

"    ■  ■  — sed  high  In  bending,  but  the 

greater  than  that  produced 
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by  a  uniform  lo&d  on  the  tamt  beam...  It  la  to  bt  nottd 
that  in  Figr.  21  whero  the  beam  can  be  erected  without 
interference  from  the  top  angle,  that  ans^le  is  shop  riveted 
to  the  column.  In  other  cases  the  top  angle  is  shipped 
loose.  The  stifTener  angles  under  the  beam  should  bear 
some  relation  to  the  load  supported.  A  good  rule  is  to 
make  the  outstanding  legs  oz  sufficient  area  to  give  a 
bearing  of  16,000  lbs.  per  sq.  in.  from  the  load  carried. 
The  other  legs  of  these  angles  do  not  bear  against  the 
shelf,  except  for  a  portion  of  their  area;  they  are  often 
chamfered  ofT  and  do  not  even  approach  a  flt  against 
the  shelf.  The  flange  connection  to  the  beam  is  im- 
portant, not  only  because  it  holds  the  beam  in  place 
and  helps  to  stiffen  the  column,  but  also  because,  where 
there  is  an  unstiftened  shelf,  as  in  Fig.  22,  these  flange 
rivets  prevent  the  shelf  angle  from  sagging  under  the 
weight  of  th«  beam. 

The  point  Just  referred  to  In  the  preceding  paragraph 
deserves  special  mention.  It  la  a  point  the  soundness 
of  which  engineers  have  been  known  to  ridicule,  until 
the  force  of  it  was  explained.  It  is  also  a  feature  of  de* 
sign  that  can  be  made  use  of  in  many  situations,  as  for 
example.  In  cross  floor  beams  in  a  solid-floor  bridge.  If 
these  beams  rest  on  the  flange  angles  as  at  (a),  Fig.  2<« 
they  cause  a  bending  in  that  angle.  If  they  are  riveted 
to  the  flange  ang)e,  the  rivet  heads  would  have  to  puU 
off  before  the  angle  could  deflect. 

Beams  for  buildings  are  usually  ordered  about  %  inch 
shorter  than  the  clear  distance  between  columns.  Also 
they  often  come  from  ^  to  H  inch  shorter  than  the  ordered 
length.  Hence  there  is  apt  to  be  %  in.  from  the  end  of 
the  beam  to  the  heel  of  the  shelf  angle. 

Sti<Teners  under  beam  seats,  as  in  Figs.  28  to  2S 
inclusive,  should  be  back  to  back  where  possible,  as  this 
overcomes  the  effect  of  eccentricity  on  the  rivets  due 
to  the  load  coming  on  the  outstanding  leg  of  the  stiffener 
angle.  They  should  also  be  riveted  together,  so  that 
they  will  act  in  unison. 

Stiffener  angles  should  generally  be  located  with  the 
oustanding  legs  under  the  oeam.  where  the  beams  are 
double,  there  should  be  a  stiffener  angle  under  each 
beam.  The  importance  of  bringing  supporting  stiffeners 
directly  under  the  load  that  they  are  to  support  is  very 
often  overlooked  in  the  end  supports  of  beams  and 
girders. 

Beams  in  buildings  are  often  supported  on  brackets 
reaching  out  from  the  column.  When  the  condition  is 
such  as  shown  in  Fig.  27,  the  rivets  connecting  to  the 
column  should  be  proportioned  for  eccentric  stress  as  ex- 
plained elsewhere.  An  approximate  method  of  finding 
the  stress  in  these  rivets  is  as  follows:  Multiply  the 
load  of  the  beam  by  b  and  divide  this  product  bv  a. 
This  will  give  the  load  on  the  rivets  Y.  A  less  load 
would  be  found  bearing  upward  on  the  rivets  X. 
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CHAPTER  IX. 
Designing  of  Tension  Members. 

The  proportioningr  of  rods  and  eye-bars  involves,  gen* 
erally  the  mere  selection  of  a  sectional  area  that  will 
carry  the  stress  at  a  siven  amount  per  square  inch,  but 
there  are  some  rules  and  precautions  to  observe  to  effect 
simple  and  economic  desigrn. 

when  the  unit  stress  is  a  flat  stress  per  square  inch 
irrespective  of  whether  it  is  dead  or  live  load,  the  area 
is  found  by  dividingr  the  total  load  by  this  unit.  When 
the  unit  allowed  for  dead  load  differs  from  that  allowed  for 
live  load,  the  area  may  be  found  by  dividingr  the  dead 
load  stress  by  the  allowed  dead  load  unit  and  the  live 
load  stress  by  the  allowed  live  load  unit  and  adding  these 
partial  areas  to  obtain  the  total.  When,  as  is  often  the 
case,  the  live  load  unit  is  one-half  of  the  dead  load  unit, 
the  total  area  may  be  found  at  once  by  adding  to  the  live 
load  one-half  of  the  dead  load  and  dividing  by  the  live 
load  unit.  When  impact  is  to  be  added  to  live  load,  there 
are  three  components  in  the  total  stress  to  be  used  for 
determining  the  area.  These  are  (1)  the  dead  load,  (2) 
the  live  load,  (3)  the  impact.  These  three  are  to  be  added 
together  and  the  sum  divided  by  the  flat  unit  stress,  as 
provided  in  the  specifications.  Impact  is  a  fictitious 
stress  added  to  the  live  load,  usually  a  fraction  of  the 
latter  depending  in  amount  upon  the  length  of  the  part 
of  the  structure  loaded  when  the  given  live  load  stress 
results.  When  the  unit  stress  is  dependent  upon  the  ratio  of 
the  minimum  and  maximum  stress  in  the  member,  this  unit 
must  be  worked  out  for  §ach  member.  For  members  sub- 
ject to  reversal  of  stress  it  is  customary  to  add  to  the 
maximum  stress  of  each  kind  eight-tenths  of  the  lesser 
of  these.  The  maximum  live  load  tension  and  the  maxi- 
mum live  load  compression  are  each  combined  with  the 
dead  load  to  find  the  extreme  positive  and  negative 
stresses.  To  each  of  these,  eight-tenths  of  the  lesser 
of  the  two  is  added,  and  the  member  is  designed  strong 
enough  to  carry  either  of  these  totals.  There  is  also  a 
faUgue  formula  for  finding  the  unit  stress  allowed  in  a 
member  subject  to  reversal  of  stress,  based  on  the  ratio 
between  the  extremes  of  stress;  this  unit  is  used  on  the 
actual  extreme  stress  not  increased.  The  sectional  area 
of  a  member  is  found  by  dividing  the  actual  or  fictitious 
maximum  stress  by  the  particular  unit  allowed  by  the 
specifications. 

Having  found  the  area  of  member  required,,  a  suitable 
member  is  to  be  selected.  This  must  be  done  with  a 
view  to  consistency  and  uniformity  in  the  entire  design. 

If  the  members  are  lateral  rods,  a  minimum  area  is 
sometimes  set  at  three-quarters  of  a  square  inch.  This 
would  make  the  minimum  size  of  rod  a  %-in.  square  or 
a  one-inch  round  rod.  If  rods  are  to  be  upset  and  to 
have  clevises  or  end  nuts,  round  rods  are  preferable. 
If  they  are  to  have  welded  loops,  sauare  rods  are  prefer- 
able. Areas  for  square  and  round  rods  may  be  found 
in  Godfrev^  Tables,  or  Camecte  Pocket  Companion,  or 
Other  books  of  tables*     Usually  the  diameter  of  rod  is 
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taken  at  tbe  nearest  sixteenth.  More  prompt  delivery 
migrht  be  obtained'  in  some  cases  by  the  use  of  a  few 
sizes  in  eighths  or  quarters,  but  the  general  practice  is 
to  use  odd  sizes  according  to  the  stress.  The  general 
design  will  of  course  determine  whether  one  or  two  rods 
are  to  be  used  in  each  member.  Single  rods  are  usually 
sufficient  in  laterals.  A  change  from  single  to  double 
rods  Is  not  often  made.  It  could  be  done  by  using  a 
rod  on  each  side  of  the  bearing  plate,  if  the  thickness  of 
the  latter  is  sufficient  to  allow  the  turnbuckles  or  sleeve 
nuts  to  clear;  this  scheme,  however,  is  not  to  be  recom- 
mended. Double  rods  can  be  used  throughout  when  lat- 
ticed  struts  are  employed  with  the  top  and  bottom  bear- 
ing plates  for  the  pins.  The  pins  should  then  have 
thimbles  or  separators  to  keep  the  rods  close  to  the  bear- 
ing plates.  Single  rods  with  clevis  ends  are  often  used 
In  connection  with  latticed  struts.  The  rods  are  placed 
In  the  plane  of  the  top  of  the  struts  or  in  the  plane  of 
the  bottom. 

Lateral  rods  are  made  adjustable.  If  clevises  are 
used  the  adjustment  is  in  the  clevises;  if  loops  are  used 
the  adjustment  is  made  in  a  sleeve-nut  or  turnbuckle. 
Adjustable  rods  or  bars  are  made  with  one  long  end  and 
one  short  end.  The  sleeve-nut  or  turnbuckle  will  then 
be  near  to  the  chord  of  a  truss  and  accessible  for  ad- 
justment. When  a  rod  passes  through  a  hole,  as  in  the 
web  of  a  beam,  care  must  be  taken  in  detailing  to  see 
that  the  turnbuckle  does  not  come  at  the  hole  and  that 
the  hole  is  wide  enough  to  let  the  upset  end  through. 

Light  members  in  trusses  present  difficulties,  when 
the  area  required  is  too  large  for  a  good  loop  rod  and 
too  small  for  a  good  eye-bar.  Welded  loop  rods  in  steel 
are  not  satisfactory  except  in  small  rods.  Wrought  iron 
rods  are  difficult  to  obtain.  In  light  truss  members,  as, 
for  example,  counters,  it  is  better  to  use  a  larger  area 
than  required  than  to  risk  a  large  ^ized  loop  rod.  Coun- 
ters are  often  made  of  a  single  rod  at  the  middle  of  the 
pin,  while  the  main  diagonals  are  of  two  rods.  Clevises 
are  seldom  used  In  truss  rods  for  bridges  .though  they 
are  sometimes  employed  on  rods  for  the  webs  or  bottom 
chord  members  of  roof  trusses. 

In  a  bottom  chord,  usually  the  first  two  end  panela 
If  they  are  not  made  stiff  to  resist  wind  compression  are 
made  of  two  bars.  The  next  panel  may  be  of  two  or  four 
bars,  etc.  When  the  thickness  of  bar  would  be  excessive, 
two  bars  are  added.  Thicknesses  may  be  in  sixteentha 
When  four  or  six  bars  are  used,,  they  do  not  need  to  be 
of  the  same  thickness,  but  may  be  in  pairs  of  equu 
thickness.  The  widths  of  bars  should  be  the  standard 
widths,  as  per  tables.  (See  Godfrey's  Tables,  p.  30.)  The 
bars  in  any  member  should  be  of  the  same  width.  Usually 
those  of  a  chord  in  a  truss  span  are  the  same  width 
throughout;  different  web  members  have  bar^  differing 
In  widths.  The  size  of  head  on  the  bar  may  govern  the 
selection  of  the  width  in  some  cases;  a  wide  bar  may 
have  a  head  too  large  in  diameter  to  enter  the  top  chord 
or  clear  some  other  detail. 

Adjustable  bars  may  be  used  up  to  the  limit  of  size  of 
sleeve-nut  required.  The  maximum  standard  sleeve-nut  is 
for  a  4^ -in.  screw.  (See  Chapter  XIII  for  size  required 
on  any  bar.) 

In  general  non-adjustable  eye-bars  should  not  be 
used  in  the  direction  of  both  diagonals  of  a  trapezoid. 
Numerous  instances  have  proven   this  to  be  poor  prac- 
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tlce.  When  the  middle  panel  ot  &  truss  contains  two 
diagonal  members,  each  of  which  may  be  considered 
counters,  or  each  of  which  may  be  considered  main 
members,  one  member  should  be  adjustable;  or  else 
some  provision  must  be  made  to  take  up  the  slack  that 
will  invariably  result.  A  difference  of  1/60  of  an  inch 
In  the  length  of  a  bar  25  feet  lonsr  would  allow  the 
bar  to  buckle  out  with  a  versed  sine  of  IH  inches.  Thus 
the  play  in  the  pin  hole  is  enougrh  to  grive  the  bars  an 
unsierhtly  curve.  They  must  then  be  drawn  taut  under 
all  conditions.  The  see-sawing  of  the  truss  to  allow 
ens  and  then  the  other  member  to  take  its  stress  is 
damagrinff  to  a  structure.  The  appearance  of  buckled 
bars  is  offensive.  This  applies  to  heavily  braced  towers 
In  which  eye-bars  are  used  for  diagonal  members  as 
well  as  truss  work.  In  special  cases  where  bars  are 
too  heavy  to  make  in  adjustable  form  the  bars  in  both 
members  could  be  bored  shorter  than  the  calculated 
lensrths.  This  is  apt  to  give  rise  to  trouble  in  the  erec- 
tion. In  the  case  where  one  side  of  the  trapezoid  Is 
composed  of  bars  these  bars  could  be  bowed  in  erection, 
allow^ing  the  bow  to  come  out  when  the  bridge  swings. 
If  all  sides  of  the  trapezoid  are  stiff  the  bars  might  be 
brought  into  place  by  heating  them  to  increase  their 
leng'th.  This  heating  could  be  done  with  torches,  or 
by  wrapping  the  bars  with  canvas  and  pouring  on  boil- 
InflT  water,  or  by  wrapping  with  oily  waste  and  burning 
the  same.  Care  should  be  taken  to  renew  any  paint 
destroyed  by  this  process.  A  shortening  in  length  of 
an  eighth  of  an  inch  for  every  fifty  feet  in  the  length 
of  each  member  (plus  1/32  in.  to  take  up  the  play  in 
the  pin  holes)  would  probably  be  sufficient  to  keep 
the  bars  straight  under  all  conditions.  The  usual  rem- 
edy for  buckled  bars  in  a  bridge  found  to  have  this 
defect,  is  to  block  them  apart  by  use  of  wooden  or 
cast  iron  blocks. 

Sometimes  a  member  primarily  designed  for  ten- 
sion and  composed  of  eye-bars  is  subjected  to  reversal 
of  stress,  as  in  the  end  panels  of  the  bottom  chord  of 
a  truss,  where  the  wind  stress  may  nearly  or  quite 
reverse  the  dead  load  tension.  When  a  tension  mem- 
ber is  stiffened  to  take  compression,  it  is  said  to  be 
counterbraced.  Two  ways  of  counterbracing  eye-bars 
are  shown  in  Figs.  1  and  2.  The  method  shown  in 
FiflT.  1  is  not  good,  because  the  lattice  bars  are  bent. 
The  method  shown  in  Fig.  2  is  acceptable.  Another 
detail  is  to  use  a  light  channel  In  place  of  lattice.  This 
way  of  making  a  stiff  member  of  one  primarily  intended 
for  tension  is  not  made  use  of  now  as  much  as  formerly. 
Usually  channels  or  plates  and  angles  are  used  in  the 
section  of  a  counterbraced  member.  If  there  is  a  cal- 
culable stress  it  is  better  to  use  a  built  member.  When 
compression  is  only  a  remote  possibility,  or  when  the 
tension  may  be  almost  overcome  by  reverse  stress,  lat- 
ticing of  the  eye-bars  as  shown  in  Fig.  2  is  satisfactory. 

When  eye-bars  are  latticed,  the  transverse  section 
Is  reduced  by  the  area  of  the  rivet  hole,  and  the  size 
of  bar  must  be  increased  accordingly.  These  holes 
should   invariably  be   drilled. 

Flat  bars  with  riveted  end  connections  are  seldom 
used  as  truss  members  in  good  work.  In  general  they 
should  not  be  permitted,  even  in  members  that  take  only 
tension,  for  the  reason  that  they  are  apt  to  be  bowed 
and  if  in  pairs  to  be  bowed  ^^ffferently  and  not  to  work 
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together.  Stitt  members  will  hold  their  lengrth  against 
the  driftinfiT  and  reamlnfir  of  rivets:  while  flats,  if  not 
punched  the  exact  length,  will  bend  when  too  loner. 

Flat  plates  are  very  often  used  as  component  parts 
of  tension  members.  Such  plates  should  be  universal 
rolled,  that  is,  rolled  on  the  edgres,  or  else  planed  on  the 
edsres  after  shearingr.  Steel  havingr  sheared  edgres  will 
often  break  under  tensile  test  at  about  the  elastic  limit 
of  the  material,  the  break  beingr  sharp  and  showing 
little  or  no  elongation  or  reduction;  whereas  the  same 
piece,  if  planed  on  the  edges  will  show  normal  ulti- 
mate strength,  elongation,  and  reduction.  This  1« 
pecially  true  of  Bessemer  steeL 
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The  net  area  of  the  plate  must  of  course  be  used, 
and  this  is  found  by  subtracting  any  rivets  that  occur 
In  any  transverse  section  across  the  plate.  Also  the 
net  area  of  any  zig-zag  section  across  the  plate  must 
not  be  less  than  that  in  a  transverse  section.  In  de- 
tailing a  riveted  tension  member  the  spacing  of  rivets 
must  be  made  so  as  to  preserve  the  net  area  in  a 
zig-zag  as  well  as  a  transverse  section  across  the  plate. 
In  Fig.  8,  the  net  section  on  the  line  1-2-4-6-7  is  the 
one  generally  used  by  the  designer.  The  detailer  must 
be  careful  to  preserve  the  same  net  section  through  the 
line  1-2-8-4-6-6-7.  In  order  to  do  this  the  pitch  9  must 
not  be  less  than  the  value  shown  in  the  table. 

The  table  should  be  used  in  detailing  angles  In  ten* 
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slon  Bubstltutingr  for  d  the  sum  of  th«  gtigen  on  th« 
two  flangres  of  the  angle  ipr  more  correctly,  that  sum 
less  the  thickness  of  the  angrle).  Thus  In  a  8x3x^ 
angle,  where  the  grages  are  1%  in.  from  back  of  angle, 
the  pitch  (d=:S  In.)  should  not  be  less  than  111/16  in. 
for  %  in.  rivets,  that  is:  the  rivets  in  each  flange  should 
not  be  closer  than  8^  in.,  and  those  in  one  flange  should 
be  just  at  the  middle  of  the  space  in  the  other.  The 
rivets  In  alternate  flanges  should  not  be  closer  than 
111/16  in.  along  the  angle.  In  S%x3%x%  in.  angles, 
where  the  gages  are  2  in.  the  spacing  along  the  angle 
for  rivets  in  alternate  flanges  should  not  be  less  than 
1  16/16  in.,  for  %-in.  rivets.  This  precaution  is  very 
often  overlooked,  especially  In  angles,  in  spite  of  the 
fact  that  many  speciflcations  require  80  per  cent,  excess 
area  in  a  diagonal  section  over  that  needed  in  a  trans- 
verse section. 

It  is  pertinent  to  note  that  by  using  Merriman's  for* 
mula  for  combined  tension  and  shear  Mr.  Victor  H.  Coch* 
rane  shows  in  Eng.  News,  Apr.  23,  1908,  that  the  net 
area  in  a  zig-zag  line  to  give  the  same  tensile  unit 
in  the  plate  should  be  more  than  the  transverse  section. 
Mr.  Cochrane's  method  would  require  (with  %"  rivets) 
for  d  =  S  in.,  p  =  2  in.,  for  d  =  4  in.,  p  =  8  In.;  for 
d  =  6  in.;  p  =  3%   in.;  etc. 

The  autnor's  tests  on  plates,  published  in  the  Ensr. 
News,  May  8,  1906,  would  seem  to  show  experimentally 
that  when  the  net  area  zig-zag  across  the  plate  is  equal 
to  that  transversely,  failure  is  about  equally  probable 
in  the   zig-zag   or   the   transverse   line. 

A  form  of  tension  member  formerly  much  used,  but 
now  largely  superseded  by  more  rigid  details,  is  the 
floorbeam  hanger.  This  consists  of  several  plates  riv- 
eted to  the  end  of  a  floorbeam  and  hanging  on  the  pin, 
as  shown  in  Fig.  4.  The  part  of  this  hanger  at  the 
pin  is  proportioned  as  the  end  connection  of  a  tension 
member,  as  described  elsewhere,  the  area  at  b  beside 
the  pin  being  60  per  cent,  in  excess  of  that  required 
in  direct  tension  and  that  above  the  pin,  at  a,  being 
equal  to  the  same;  also  the  total  thickness  of  the  plates 
must  be  such  as  to  keep  the  bearing  on  the  pin  within 
the  proper  limits.  If  the  plates  are  of  equal  thickness 
and  the  rivets  between  sections  W  and  XX,  XX  and 
TT,  YY  and  ZZ  equal  in  number  the  member  is  cor- 
rectly proportioned,  assuming  of  course  that  the  rivets 
in  the  end  of  the  floorbeam  are  correct  for  the  load« 
If  the  plates  are  not  of  equal  thickness,  the  outsi-de 
plate  should  have  rivets  enough  in  the  floorbeam  to 
take  its  share  of  the  bearing  on  the  pin;  this  and  the 
second  plate  should  have  rivets  enough  to  take  their 
combined  bearing  on  the  pin,  etc. 

The  value  of  an  angle  or  any  other  shape  in  tenston 
is  of  course  the  net  area,  but  the  detailer  is  apt  to 
overlook  the  fact  that  the  designer  had  in  view  a  cer- 
tain number  of  rivets  to  be  deducted.  It  is  well  to  put 
on  the  strain  sheet  the  net  area  of  each  piece,  so  that 
the  detailer  can  adhere  to  this.  In  an  angle  having 
three  or  more  rows  of  rivets  generally  two  rivets  should 
be  deducted  to  obtain  the  net  area.  In  a  channel  It 
requires  careful  detailing  to  avoid  bringing  flange  riyet% 
either  for  lattice  or  for  tie  plates,  opposite  rivets  in  the 
web.  Usually  two  rivets  should  be  deducted  in  the 
flanires  and  two  or  more  in  the  web. 

The  total  net  area  of  a  member  built  up  of  several 
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parts  is  the  sum  of  the  net  areas  of  the  several  parts 
at  the  weakest  section  of  each,  and  not  the  net  area 
at  a  single  transverse  section  of  the  member.  A  single 
transverse  section  may  cut  several  rivets  in  an  angle 
and  none  in  a  plate,  whereas  the  angle  may  break  at 
that  section  while  the  plate  would  break  at  a  near-by 
section   where   it   is   weakened    by    rivet   holes. 

Every  part  of  a  tension  member  should  be  connected 
to  the  end  detail  or  else  the  member  should  be  rein- 
forced back  far  enough  to  take  hold  of  the  full  section. 
The  author  has  found  tension  members  composed  of 
two  angles  and  a  plate  in  channel  shape  where  only 
the  angles  were  connected  to  the  gusset  plate  at  the 
end,  the  plate  stopping  short  of  the  end  of  the  member. 
The  full  net  area  of  a  tension  member  must  be  pre- 
served from  end  to  end. 

A  single  angle  in  tension  or  compression  connected 
to  the  side  of  a  gusset  plate  is  subject  to  bending  due 
to  the  eccentric  end  connection.  Some  specifications 
state  that  unless  both  flanges  of  an  angle  are  connected 
only  one  will  be  considered  as  effective.  The  connecting 
of  both  flanges  will  not  make  the  end  connection  any- 
thing but  eccentric,  except  where  the  end  connection 
is  rigid.  A  better  rule  for  all  single  angles  in  tension 
or  compression  is  to  consider  the  area  as  the  product 
of  the  thickness  and  one  flange  width  (the  wider  in  the 
case  of  unequal  leg  angles).  This  rule  is  based  on 
calculation  of  the  extreme  flbre  stress,  assuming  the 
stress  to  be  applied  at  the  back  of  the  angle.  It  will 
be  found  that  the  direct  unit  stress  added  to  the  ex- 
treme fibre  stress  due  to  this  bending  will  give  a  total 
not  differing  greatly  from  the  unit  stress  found  by 
dividing  the  stress  by  the  area  of  one  fiang'e.  It  is 
recommended  that  this  area  of  one  fiange  be  used  as  the 
net  area  of  a  tension  angle  and  the  gross  area  of  a 
compression  angle. 

In  light  riveted  trusses  the  tension  and  compression 
members  are  to  be  selected  so  as  to  keep  one  size  of 
rivet  throughout.  If  %-in.  rivets  are  used,  no  fiange 
tnat  is  riveted  to  a  plate  should  be  less  than  2^^  in., 
etc.  (See  Godfrey's  Tables,  p.  60,  for  limiting  sizes 
of   rivets   in   angles.) 

The  parts  of  members  that  are  in  tension  only  may 
be  held  together  by  batten  plates,  or  if  they  are  close,  by 
rivets  spaced  at  long  intervals,  say  two  or  three  feet 
It  is  preferable,  however,  to  use  lattice,  as  more  rigid 
construction  results,  and  latticing  helps  to  divide  the 
stress    more    evenly    between    the    parts. 

When  a  member  is  subject  to  transverse  strain  as 
well  as  tension,  the  extreme  fibre  stress  on  the  tension 
side  governs  the  size  of  section  necessary.  The  simplest 
way  to  design  a  member  of  this  sort  is  to  assume  first 
a  section  and  then  try  for  the  unit  stress.  Revision  of 
the  section  to  bring  the  unit  stress  to  the  required 
amount  is  effected  in  a  way  that  will  be  explained  pres- 
ently. Prom  the  formula  M  =  KI  over  d»  or  =  K  A  r* 
over  d  we  have  KA  =  ]lfd  over  r^  where  K  is  the  ex- 
treme fibre  stress  in  lbs.  per  sq.  in.,  A  is  the  area  of  the 
section  in  inches.  M  is  the  bending  moment  in  inch- 
pounds,  d  is  the  distance  from  the  neutral  axis  to  the 
extreme  fibre,  and  ir  is  the  radius  of  gyration  of  the 
section.  But  K  A  is  the  product  of  the  unit  stress  due 
to  the  bending  and  the  area.  Hence  it  can  be  called 
an    equivalent   direct   stress.     If   then   we   find   M  d   ovc7 
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r  square  for  the  member,  we  can  add  this  to  the  axial 
or  direct  stress  on  the  member,  and  we  have  a  total 
that  can  be  treated  as  direct  tension  to  find  the  unit 
stress  on  the  member.  It  is  necessary  to  know  the 
shape  and  dimensions  of  the  section  before  r  and  d  can 
be  known.  A  changre  in  thickness  of  metal  one  way 
or  the  other  does  not  materially  affect  the  value  of  r, 
hence,  if  the  assumed  section  is  near  the  correct  area, 
it  can  be  varied  by  alterine  the  thickness  of  metal  so 
as  to  give  an  area  which  divided  into  tho  total  above 
referred  to  will  give  the  correct  allowed  unit  stress. 
If  the  change  in  thickness  of  metal  affects  the  section 

f:enerally  the  value  of  r  remains  practically  constant, 
f,  however,  a  change  is  made  in  some  parts  only,  a 
re-calculation  of  r  may  be  neceessary.  Adding  metal 
to  flanges  is  more  economical  than  to  the  webs  or  s^des, 
as  this  increases  the  value  of  r  and  diminishes  the 
equivalent  direct  stress  for  the  bending  moment.  If 
the  assumed  section  results  Ui  a  unit  stress  differing 
by  a  large  amount  from  that  desired,  a  new  assumption 
should   be   made. 

In  ordinary  work  it  is  scarcely  ever  necessary  to 
calculate  the  added  stress  in  a  tension  member  due  to 
its  own  weight.  In  case  such  calculation  is  made  in 
a  shallow  member  it  is  to  be  borne  in  mind  that  the 
tension  in  the  member,  by  reason  of  the  deflection,  sets 
up  a  contrary  bending  moment  which  diminishes  the 
deflection  and  consequently  diminishes  the  extreme  flbre 
stress  due  to  the  weight  of  the  member.  Prof.  J.  B. 
Johnson  in  "Modern  Framed  Structures"  finds  that  the 
resultant  additional  unit  stress  on  eye-bars  varies  be- 
tween about  700  lbs.  per  sq.  in.  on  bars  15  ft.  long  to  about 
1900  lbs.  per  sq.  in.  on  bars  40  ft.  long.  These  values 
are  at  depths  giving  the  maximum  additional  unit 
stresses  at  16,000  lbs.  per  sq.  in.  nominal  stress.  This 
additional  stress  in  eye-bars  is  scarcely  ever  taken  into 
account  in  the  design  of  truss  members.  It  is  seen  that 
the  higher  stress  given  above  as  resulting  from  the 
sag  is  but  little  more  than  10  per  cent,  of  the  regularly 
found  unit  stress.  Horizontal  bars  40  feet  long  are  not 
often   employed    in    ordinary    structures. 
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CHAPTER  X. 

The  Strength  of  Compression  Members. 

In  Railroad  Age  Gazette,  July  2,  1909,  the  author 
published  an  article  with  the  above  title.  In  November, 
1907,  he  discussed  the  subject  of  lattice  bars  at  a  meet- 
ing of  the  Structural  Section  of  the  Engineers'  Society 
of  Western  Pennsylvania.  Inasmuch  as  this  paper  and 
discussion  treat  the  subject  of  compression  members 
In  .a  manner  quite  distinct  from  any  books  or  other 
literature  with  which  the  author  is  acquainted,  the 
substance  of  both  will  be  repeated  in  this  chapter. 

There  are  two  distinct  phases  to  the  strength  of  a 
compression  member.  Failure  to  appreciate  this  has 
given  rise  to  much  misapprehension  in  treatment  of 
the  subject.  Formulas  have  been  derived,  and  uni- 
versally made  use  of,  that  attempt  to  combine  these 
two  phases  of  the  strength  of  columns  in  utter  disre- 
gard of  this  distinction. 

Every  column  of  elastic  material  Is  a  spring  or  bow 
as  well  as  a  shaft  subject  to  endwise  compression,  and 
the  strength  of  a  column  considered  as  a  spring  is 
independent  of  the  ultimate  or  elastic  strength  of  the 
material;  also  the  formula  showing  this  strength  is 
quite  distinct  from  any  formula  based  on  the  ultimate 
or  elastic   strength   of   the   materials. 

The  Gordon-Rankine  formula  itf  of  limited  applica- 
tion: used  outside  of  these  limits  its  use  is  fraught 
with  danger,  unless  the  constant  Is  such  as  to  bring 
the  ultimate  load  within  the  Euler  load  for  slender  col- 
umns. 

It  Is  the  purpose  to  show  here  that  the  straight  line 
formula  for  the  strength  of  a  column  can  be  rationally 
and  theoretically  substantiated.  But  one  simple  and 
natural  postulate  or  assumption,  in  a  completely  theo- 
retical treatment,  will  result  in  a  formula  whose  locus 
is  practically  identical  with  the  "empirical"  column  for- 
mula deduced  from  the  results  of  tests. 


;;   1    1    1    1    1    i    i    i    i    I    i   ^; 
'^"^"^  fig.l  4nW*' 

In  Fig.  1  a  pin-ended  column  is  represented  as  a 
bow  or  a  spring  with  a  deflection  at  the  middle  of  its 
length  equal  to  n  1,  assumed  to  be  a  constant  fraction 
of  the  length;  the  curve  of  the  bow  is  a  parabola.  Since 
the  curve  is  a  parabola,  the  tangent  AB  will  cut  the 
line  BD  so  as   to   make  BC=CD.     The   bending  moment 
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throughout  the  lengrth  of  the  column,  due  to  the  end 
load  W  will  vary  as  the  ordinates  of  the  parabola  ACE. 
A  side  load  on  the  column  would  give  bendins  moments 
varying:  in  the  identical  manner.  The  inclination  of 
AB  with  the  axis  AE  gives  a  basis  for  determining  an 
equivalent  side  load  that  will  give  this  identical  curve 
of  moments,  for  the  shear  in  the  column  at  the  end  is 
to  the  load  W  (by  similar  triangles)  as  BD  is  to  AD. 
The  total  side  load  is  then  found  to  be  8  b  W,  as  indi- 
cated   in    the    figure. 

Suppose  now  that  the  column  has  an  Initial  bow  bL 
The  end  load  W  will  act  to  increase  this  bow  by  an 
amount  which  we  will  call  7.  The  value  of  this  incre- 
ment to  the  defiection  may  be  found  by  the  well-known 
formula  for  a  uniformly  loaded   beam  or 

D  =  6W  is-r384  B  I 

For  D  We  will  substitute  7  and  for  W  we  will  sub- 
stitute  8mW.     Then 

7  =  40  M  W  l»-7-384  B  I (1) 

After  the  column  deflects  the  amount  7  it  will  not 
stop,  because  the  bow  is  increased  by  this  amount  7» 
which  increases  the  equivalent  side  load  by  the  same 
fraction  of  7  that  7  is  of  b1.  There  will  therefore  be 
an  increasing  deflection,  until  the  fractional  increment 
vanishes.  Such  a  series  can  only  be  vanishing  when 
the  first  increment  7  is  less  than  the  original  bow  Ml. 
If  7  is  equal  to  x  n  1,  x  must  be  a  fraction,  or  the  col- 
umn will  continue  to  deflect,  until  failure  results.  When 
X  is  fractional,  the  sum  of  the  series  is  as  follows: 
x+xs^-x«^-etc.=:x-^  (1— X) (2) 

It  Is  seen  that  the  sum  for  x=l  is  infinite.  Hence 
when  the' calculated  increment  by  equation  (1)  is  equal 
to  uiy  the  column  must  fail,  as  it  will  continue  to  de- 
flect sidewise.  This  is  true  no  matter  how  small  the 
original  bow,  so  that  the  most  perfect  column  (with 
an  initial  infinitesimal  deflection)  must  fall  under  such 
a  load. 

If  we  make  7=n  1»  equation   (1)   reduces  to 

1V  =  48B3I-^51«        (3) 

This  shows  the  total  load  on  any  column  that  will 
cause  failure   by   bowing. 

It  is  to  be  noted  that  Euler's  formula  for  columns 
with  round  ends  is  identical  with  equation  (3),  except 
that  where  equation  (3)  has  48 -r- 5  or  9.6,  Euler's  for- 
mula has  9.87. 

Euler's  formula  is  commonly  held  out  as  being  use- 
ful merely  in  arriving  at  the  relative  strength  of  col- 
umns of  different  lengths  and  sections.  The  important 
step  in  the  deduction  of  equation  (3),  here  grlven,  de- 
scribed Just  above  that  equation,  is  lacking  in  the  de- 
duction of  Euler's  formula.  Because  of  this  omission 
writers  have  not  recognized  in  it  a  formula  showing 
the  absolute  maximum  strength  of  a  column  of  elastic 
material    having    round    ends. 

Text  books  giving  the  deduction  of  Euler's  formula 
are  lacking  in  any  proof  of  the  stated  premise  that  the 
formula  shows  the  conditions  when  a  column  is  in  un- 
stable equilibrium  and  has  a  deflection  that  will  not  be 
increased  by  the  applied  load.  It  is  hard  to  see  why, 
to  quote  from  a  standard  text  book,  "under  this  load 
the  column  Just  begins  to  deflect,  and  will  under  a  con- 
stant load  retain  any  deflection  which  may  be  given 
to  It  within  the  elastic  limit  of  the  material."  The 
elastic  limit  does  not  enter  in  the  formula  or  its  deriva- 
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lion. 

If  K  equals  the  unit  stress  in  the  column,  or  W-rA* 
where  A  is  the  arec,  we  find,  by  substituting  for  W  its 
equal   KA  and   for   I   its   equal   A  r',    the   following 

12  48  £ 

—  =  (4) 

r*  5K 

This  expresses  the  relation  between  the  unit  stress 
and  the  length  and  radius  of  gyration  in  a  column  at 
rupture,  when  the  column  is  treated  as  a  bow  and  not 
as  a  shaft  under  simple  compression.  It  is  one  phase 
of  the  strength  of  a  column,  and  a  phase  which  should 
be  considered  distinct  and  apart  from  the  strength  of 
a  column  to  resist  simple  crushing  in  any  investigation. 
Failure  to  apprehend  this  has  given  rise  to  serious 
lack  of  comprehension  of  the  strength  of  compression 
members  on  the  part  of  engineers.  The  original  bow 
of  a  column  does  not  enter  in  the  formula.  Only  the 
existence  of  an  initial  bow  is  assumed,  and  this  may  be 
infinitesimal  in  amount.  The  unit  stress  satisfying 
this  formula,  in  an  elastic  material,  when  the  column 
is  pin-ended,  will  cause  the  column  to  bow  and  to  con- 
tinue to  bow  until  failure  results.  It  is  to  be  noted 
that  the  only  property  of  the  material  entering  in  the 
formula  is  the  modulus  of  elasticity.  As  the  modulus 
of  elasticity  of  all  grades  of  steel  is  practically  the 
same,  it  would  mean  that  a  steel  column  of  some  given 
section  and  length  will  fail  by  bowing  under  a  certain 
axial  load,  no  matter  what  the  compressive  strength  of 
the  steel  is.  Advocates  of  the  use  of  nickel  and  other 
alloy  steels  are  commended  to  a  study  of  this  assertion. 
It  has,  as  will  be  seen  later,  special  application  to  struts 
and    long   compression    members. 

The  statements  of  the  foregoing  paragraph  are  con- 
firmed by  tests  that  have  been  made.  In  fact  the  modu- 
lus of  elasticity  of  steel  could  be  worked  out  by  the 
results  of  tests  made  many  years  ago.  Tests  described 
by  Dr.  W.  E.  Lilly  at  a  meeting  of  the  British  Associa- 
tion for  the  Advancement  of  Science  in  1908  show  that 
for  values  of  l/r  greater  than  120  there  is  little  differ- 
ence between  the  values  of  the  breaking  loads  on  round 
ended  cylindrical  shafts  of  steel,  wrought  iron,  and 
cast  iron.  He  found  that  the  breaking  load  for  slender 
shafts  agrees  closely  with  the  Euler  load.  Mr.  J.  E. 
Howard,  of  the  testing  laboratory  at  the  Watertown 
Arsenal,  finds  results  of  tests  on  slender  columns  "as 
might  be  expected  from  Euler's  law  of  buckling 
strength."      (See   Eng.   News,   Aug.   26,    1909.) 

To  make  equation  (4)  more  easily  understood,  at 
B= 30,000,000,  the  ultimate  strength  of  steel  columns  of 
various  ratios  is  found  to  be  as  follows: 

K=:  6,000  lbs.  per  sq.  in.,  at  1  over  r=240 
K  =  10,000  lbs.  per  sq.  in.,  at  1  over  r=170 
K= 20,000  lbs.  per  sq.  in.,  at  1  over  r=120 
K  =  30,000  lbs.  per  sq.  in.,  at  1  over  r=  98 
K= 40,000  lbs.  per  sq.  in.,  at  1  over  r=  85 
K= 50,000  bis.  per  sq.  in.,  at  1  over  r=  76 
K=  60,000  lbs.  per  sq.  in.,  at  I  over  r=  69 
In   wooden   columns,    if   E  =  l,500;000 

K=  500  lbs.  per  sq.  in.,  at  1  over  r=170 
K=  600  lbs.  per  sq.  in.,  at  1  over  r=155 
K=:  800  lbs,  per  sq.  in.,  at  1-  over  r=134 
K  =  1000  lbs.  per  sq.  in.,  at  I  over  r=120 
In  cast  iron  columns,  if  E  =  20,000,000  (In  tests  at  Water- 
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town  Arsenal,  made  in  1904  and  1905,  the  modulus  of 
elasticity  for  unit  tension  in  cast  iron  up  to  about 
5,000  is  from  20   to   30   millions). 

K=  6,000  lbs.  per  sq.  in.,  at  I  over  r=196 
K=  6,000  lbs.  per  sq.  in.,  at  1  over  r=179 
K=  7,000  lbs.  per  sq.  in.,  at  I  over  r=166 
K  =  10,000  lbs.  per  sq.  in.,  at  1  over  r=139 

The  three  foregoing  parag^raphs  contain  material  for 
study.  In  the  first  of  these  parag^raphs  it  is  seen  that 
the  ultimate  streng:th  of  a  steel  column  whose  ratio  of 
slenderness  is  240  Is  only  6,000  lbs.  per  sq.  in.  In  hand- 
books for  use  of  designers  the  ordinary  column  formula 
(Gordon-Hankine)  is  accommodatingly  worked  out  up 
to  ratios  of  about  250,  and  the  ultimate  strengrth  of  a 
pin-ended  column  is  given  as  about  12,000  lbs.  per  sq. 
in.  at  1  over  r=240.  If  a  designer  were  to  use  these 
tables  and  a  factor  of  safety  of  3,  his  supposed  safe 
load  would  be  80  per  cent,  of  the  absolute  ultimate. 
Quite  recently  the  author  had  difficulty  in  making  this 
very  thing  clear  to  an  experienced  designer,  who  wished 
to  use  compression  members  of  about  this  ratio  of 
slenderness. 

To  further  emphasize  the  point  of  the  last  paragraph, 
it  is  important  to  note  that  even  if  the  steel  had  an 
ultimate  compressive  strength  of  several  hundred  thou- 
sand pounds  per  square  inch,  or  an  elastic  limit  of  this 
magnitude,  a  column  having  a  ratio  of  slenderness  of 
240  would  fail  at  6,000  lbs.  per  sq.  in. 

equation  (4)  has  special  application  to  slender  col- 
umns. It  is  an  elastic  ultimate  strength,  and  for  this 
reason  a  factor  of  safety  of  about  two  may  be  sufficient. 
The  Gordon-Rankine  formula  is  supposed  to  give  a 
load  that  will  crush  a  column,  and  the  common  factor 
of  safety  is  4  or  5.  For  this  reason  conservative  de- 
signers are  not  apt  to  make  large  errors  in  the  use 
of  the  Gordon-Rankine  formula.  Designers  who  handle 
very  light  work  on  close  margins  of  profit  have,  how- 
ever,  made  serious  errors  in  using  this   formula. 

In  bridge  and  building  work  specifications  limit  the 
ratio  of  slenderness  to  120  or  150,  and  this  further  acts 
as  a  safeguard  in  the  use  of  the  Gordon-Rankine  for- 
mula. 

Equation  (4)  should  not  be  used  for  short  columns. 
It  gives  results  that  are  too  high.  In  short  columns 
the  compressive  strength  of  the  steel  is  the  governing 
factor,  and  a  column  will  be  crushed  before  the  load 
of  equation  (4)  is  reached.  This  is  the  other  phase 
of  the  strength  of  a  compression  member. 

As  illustrating  the  diminishing  relative  strength  of 
high  steel  columns  of  slender  proportions,  compared 
with  ordinary  structural  steel,  some  tests  made  by  J.  A. 
L.  Waddell.  and  described  in  Engineering  News,  Jan. 
16,  1908,  will  be  cited.  In  a  series  of  12  tests  three  in 
nickel  steel,  at  1  over  r=27,  averaged  75  per  cent,  greater 
In  ultimate  strength  than  three  similar  columns  in 
carbon  steel.  This  was  about  the  ratio  between  the 
elastic  limits  of  the  two  grades  of  steel.  Three  columns 
in  nickel  steel,  at  1  over  r=81,  were  only  47  per  cent, 
stronger  than  three  similar  columns  in  carbon  steel. 
There  is  no  doubt  that,  as  equation  (4)  would  Indicate, 
columns  still  more  slender  would  approach  closer  to 
the  same  ultimate  strength.  It  is  probable  that  the 
difference  would  vanish  at  high  ratios.  High  steel  is 
then   not    economical    for    light    struts,    and    other    light 
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compression   members,    though   it   may   have   advantages 
for   heavy   compression   members. 

Formulas  giving  unit  stresses  for  high  steel  cona* 
pression  members,  such  as  those  in  nickel  steel,  should 
show  "apidly  diminishing  values  for  increasing  ratios 
of  slenderness.  In  the  higher  ratios  these  values  should 
approach  those  for  ordinary  structural  steel. 

From  the  reasoning  leading  up  to  equation  (4)  it 
Is  seen  that  when  the  original  bow  of  a  column  is 
doubled  by  endwise  load,  the  column  has  begun  to 
fail;  continued  application  of  the  same  load  will  com- 
plete the  failure.  In  a  perfect  column,  then,  perfectly 
centered  in  the  machine,  the  first  measurable  deflection, 
no  matter  how  minute.  Indicates  the  ultimate  load.  The 
more  perfect  the  column  and  its  method  of  test  the 
less  will  be  the  deflection  when  the  ultimate  load  is  Just 
reached.  In  tests  described  by  Mr.  C.  P.  Buchanan,  in 
Engineering  News,  Dec.  26,  1907,  the  deflection  due  to 
the  load  did  not  exceed  0.2  In.  within  the  elastic  value 
of  the  column  for  any  column  tested,  and  at  the  ulti- 
mate load  this  deflection  was  not  exceeded  in  many 
cases.  It  is  to  be  noted,  however,  that  a  small  bow 
in  a  column  induced  by  direct  stress  may  be  of  far 
greater  moment  than  a  much  larger  bow  in  the  column 
initially.  In  other  words,  when  the  bow  is  the  result 
of  stress  in  a  practically  straight  column,  it  means  in- 
cipient failure,  and  is  serious;  whereas,  a  column,  built 
in  a  bow  or  bowed  by  handling  may  stand  the  safe 
load  calculated  for  it  without  being  in  danger,  if  the 
bow  is  not  excessive.  Again,  a  bowed  column  that  has 
been  straightened  in  the  shop  is  apt  to  have  internal 
stresses  which  the  applied  load  will  relieve  rather  than 
intensify.  Such  a  column,  bowed  under  its  safe  load, 
may  show  a  recovery  of  the  normal  condition  of  the 
metal  rather  than,  of  necessity  a  dangerous  condition 
of  the  metal. 

Aa  stated,  equation  (4)  has  practical  application  to 
slender  columns  only,  inasmuch  as  it  shows  unit  stresses 
in  excess  of  the  crushing  strength  of  the  material  when 
the  ratio  of  I  to  r  is  small.  The  formula  does  not  deal 
with  the  strength  of  a  column  as  regards  its  ability 
to  resist  crushing,  but  merely  the  ability  of  an  elastic 
material,  having  a  given  modulus  of  elasticity,  to  resist 
bowing  due  to  the  direct  load.  The  strength  of  a  column 
as  to  its  ability  to  resist  crushing  must  be  determined 
from   a  different   standpoint. 

Use  other  values  as  in  the  foregoing,  and  let  K'= 
the  extreme  fibre  stress  In  the  column  due  to  a  bow  ml; 
also  let  h  =  the  depth  out  to  out  of  the  section  (assumed 
symmetrical)  or  twice  the  distance  from  neutral  axis 
to  the  extreme  fiber.  The  load  on  the  column  is  K  A,  as 
before,  and  the  bending  moment  for  the  bow  n  I  is 
K  A  n  I.  By  the  theory  of  flexure  this  moment  must  be 
equal  to  the  product  of  the  extreme  flber  stress  and  the 
section    modulus,    or 

K  A   n  1  =  2K'    A  r^-^h 
From  this  we  have 

K'-K   (n  1  h-T-2r2) (5) 

The  term  in  the  parentheses  in  equation  (5)  is  a  frac- 
tion representing  the  increment  to  the  direct  stress, 
which  increment  is  due  to  the  original  bow  of  the 
column. 

This  increment  will  in  turn  give  rise  to  an  added 
increase    in    the    extreme   flber    stress   by    reason   of   the 
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deflection  or  bow  which  It  causes  In  the  column.  The 
amount  of  this  bow  is  y  in  equation  (1),  making  W  =  K  A, 
and  the  extreme  fiber  stress  K"  added  on  account  of 
the  same  bow  is  found  by  using:  this  value  of  y  in  e-  na- 
tion (6)  in  place  of  ml,  or 

K  n  1  h       K  1^ 

K"= X  (6) 

2r=  9.6  E  r= 

The  last  term  In  equation  (6)  is  the  relation  between 
the  successive  increments  to  the  extreme  fiber  stress 
or  X  in  our  series.  The  total  extreme  fibre  stress  is  then 
K+K'+K",  the  latter  being  expanded  by  the  series  above 
referred  to,  or,  letting  this  total  fiber  stress  be  repre- 
sented by  Ikf  we  have 

n  1  h       n  1  h  K  1^ 

k=K  (1+  +  X  ) (7) 

2  r2         2  r2        9.6  E  r«— K  V 
Solving  for  K  we  have 

K  =  ]II—  square  root  (BI^^— N)« (8) 

where  M=(k  l=+9.6  E  i^+4.8  E  ■  1  ]i)-h21- 
and  N  =9.6  k  B  r*  -^  F. 
This  equation  would  be  very  cumbersome  to  use  in 
practice,  but,  as  will  be  shown,  the  locus  of  equation  (8) 
is  almost  a  straight  line  for  the  practical  ratios  of  1  to  r. 
The  one  assumption  or  postulate  referred  to  at  the 
head  of  this  article  is  this:  that  the  original  bow  in  a 
column  is  a  constant  fraction  of  the  length,  the  shape 
of  the  column  axis  being  a  parabola  and  the  amount  of 
the  bow  being  1/300  of  the  length.  The  deduction  of 
equation  (8)  is  purely  theoretical  and  In  agreement  with 
the  common  theory  of  flexure,  with  the  unimportant  error 
that  the  deflection  due  to  endwise  compression  will  not 
keep  the  axis  of  the  column  exactly  in  a  parabolic  curve. 
It  is  reasonable  to  assume  that  a  compression  mem- 
ber that  varies  from  a  truly  straight  line  more  than 
one-quarter  of  1  per  cent,  of  its  length  would  be  laid 
aside  by  an  inspector  as  imperfect  and  needing  straight- 
ening. It  is  probably  close  to  the  truth  that  deviations 
from  a  straight  line  not  much  less  than  this  will  pass 
undetected  or  will  be  accepted  as  commercially  perfect. 
In  a  10-ft.  member  this  would  be  5/16  In.,  in  a  40-ft. 
member  1^  in.,  in  a  60-ft.  member  113/16  in.  The 
observed  deflection  of  the  much-talked-of  chord  member 
A9  of  the  Quebec  bridge  was  but  little  over  one-quarter 
of  1  per  cent,  of  the  length. 

To  make  sohie  allowance  for  Imperfect  centering  of 
the  application  of  the  load,  which  would  also  vary  about 
with  the  size  or  length  of  member,  the  value  1/300  will 
be  used  for  n  in  equation  (8). 

In  an  ordinary  built  section  the  radius  of  gyration  is 
about  four-tenths  of  the  depth.  In  a  solid  rectangular 
section  It  Is  0.29  of  the  depth.  An  average  between  these 
wo'uld  give  nearly  h=3r. 

Using  these  values  in  equation  (8)  and  plotting  the 
locus  for  k=  16,000  we  have  the  curve  shown  in  Fig.  2. 
Comparing  this  with  the  commonly  used  formula 

P=  16,000 — 70  — 

r 
We  see  that  there  is  close  agreement   up  to  a   ratio   of 
slenderness   of    150. 

This  straight  line  formula,  as  given  first  by  T.  H. 
Johnson  (Trans.  Am.  Soc.  C.  E.,  Vol.  15.  1886),  is  deduced 
from  the  result  of  tests,  and  has  always  been  heralded 
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as    exempllfylnK    the 

Gordon- Ran  klne    formula,     neia    out    lo    oa     iub    <:uriKi;i. 

By  aasumlng  «  greater  or  ]eSB  than  1/300  the  locus 
of  equation  <S}  will  fall  inalde  or  outalde  of  the  position 
In  Fig.  2.  By  uHlng  a  value  of  zero  for  m  the  farmula 
will  ahow  a  constant  unit  stresa.  It  Is  thus  seen  that  a 
perfectly  Btralght  column,  with  a.  load  perfectly  central, 
will  stand  a  unit  atresB  equal  to  the  elastic  limit  ot 
the  material,  unless  the  load  equal  that  shown  by  equa- 
tion (3).  This  accounts  for  the  fact  brouKbt  out  by  T.  H. 
Johnson  In  his  paper  heretofore  alluded  to,  that  some 
Isolated  teste  show  eiceptlunally  high  results.  A  per- 
fect column  formula  Is  neither  a  possibility  nor  a  de- 
sideratum. If  a  perfect  column  formula  were  possible, 
oiily  a  perfect  column   would  satisfy  It. 

It  is  further  evident  tbat  no  theoretical  formula 
should  be  used  for  Blender  commercial  columns,  since 
no  theoretical  formula  can  show  zero  strength,  no  matter 
bow  slender  the  column.  A  practical  column  formula  muBt 
show  small  strength  for  slender  columns  or  compreBslon 
members  because  of  the  danger  of  overstress  due  to 
Bide  force  or  weight  of  the  member  Itself.    This  1b  a  very 


That  the  bulk  of  the  tests  made  agree  with  the 
straight-line  formula  which  has  been  so  extensively  used 
for  many  years  is  evidence  that  the  simple  assumption 
here  made,  namely,  that  a  column  which  does  not  de- 
viate from  a  straight  line  more  than  one- quarter  of  1 
per  cent,  of  its  length  is  commercially  straight.  Further, 
the  complete  agreement  here  shown  between  theory  and 
practice,  so  far  as  agreement  is  a  possibility  where  im- 
perfections enter  as  a  factor,  removes  it  from  the  cate- 
gory of  presumption  to  ask,  Why  mot  drop  all  cnrved- 
llme  fonunlasy  a«  belnff  melther  correct  theoretically  nor 
experimeiitally?  This,  of  course,  excepts  the  formula 
of  equation  (3).  which,  as  shown,  is  true  independent  of 
the  strength  of  the  material. 

In  Fig.  2  is  shown  the  locus  of  equation  (4),  also  a 
locus  whose  units  are  one-half  of  those  in  equation  (4), 
as  representing  safe  loads  on  a  column  as  a  bow.  It 
is  seen  that  this  cuts  the  locus  of  equation  (8)  at  about 
a  ratio  of  slenderness=150.  It  would  therefore  terminate 
the  usefulness  of  equation  (8)  at  that  ratio. 

The  deduction  of  equation  (8)  makes  it  applicable 
to  compression  members  with  pin  or  hinged  ends.  The 
straight  line  formula  as  usually  given  is  applied  in- 
discriminately to  square  as  well  as  pin-ended  members. 
This  is  somewhat  offset  by  the  fact  that  riveted  members 
are  not  usually  as  carefully  centered  as  pin-connected 
members. 

There  are  scarcely  any  examples  of  truly  fixed-ended 
members  in  structures.  Some  members  are  more  free 
to  move  at  the  ends  than  others  and  many  are  truly 
continuous  at  the  ends.  The  base  of  a  column  on  a  ma- 
sonry support  is  almost  the  only  case  of  large  members 
being  held  perfectly  fixed  at  the  end.  Continuity  at  the 
ends  of  a  member,  while  it  exceeds  in  rigidity  pin-ended- 
ness.  is  not  equivalent  to  fixed-endedness.  Of  two  members 
similarly  conditioned,  one  cannot  hold  the  other  fixed- 
ended. 

Lattice  Bars — The  design  of  lattice  bars  as  well  as 
the  design  of  columns  should  be  based  upon  the  probable 
error  in  manufacture,  or  in  other  words  the  probable 
imperfections  that  will  develop  in  the  building  up  of 
a  compression  member.  Practice  and  theory  have  equal 
rights  to  be  heard  in  formulating  rules  for  the  propor- 
tioning of  members.  A  theory  that  starts  out  with  a 
perfectly  straight  column  and  on  that  premise  builds 
a  rule  of  proportion  is  unreliable  in  just  the  degree  that 
the  column  in  its  manufactured  state  deviates  from 
perfection  of  aligrnment. 

It  was  formerly  thought  that  cast  Iron  was  an  Ideal 
material  for  columns,  and  that  an  ideal  truss  was  one 
in  which  the  top  chords  were  of  cast  iron  and  the  bottom 
chords  of  wrought  iron.  This  was  built  on  the  premise 
that  cast  Iron  in  short  blocks  is  capable  of  resisting  high 
compressive  stresses.  It  is  now  realized  that  the  inherent 
uncertainties  in  cast  iron  as  a  manufactured  article 
greatly  limit  its  usefulness  as  a  column  material.  It 
is  also  realized  (by  some)  that  material  for  compression 
members  must  be  capable  of  taking  tension,  whether 
or  not  the  members  are  eccentrically  loaded.  Those 
who  do  not  realize  this  are  commended  to  a  study  of  some 
recent  disastrous  failures  of  reinforced  concrete  build- 
ings, where  columns  of  plain  concrete,  with  some  longi- 
tudinal rods,  have  been  the  cause  of  great  loss  of  life 
and  property. 
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As  lonfir  an  the  component  parts  of  a  column  are 
perfectly  straight  the  work  of  lattice  bars  is  practl« 
cally  nothingr.  It  would  seem,  then,  that  the  propor- 
tioning: of  these  bars  is  largely,  if  not  entirely,  a  matter 
of  guess  or  judgment;  and,  in  fact,  judgment  is  a  gx>od 
thing  to  go  by  in  such  a  case,  if  it  be  good  Judgment. 
But  Judgment  is  apt  to  be  swayed  by  individual  inter- 
ests. A  good  rule  is  more  unvarying  and  will  be  pro- 
ductive of  more  uniform  results.  The  more  designing 
is  reduced  to  rule,  and  the  more  inclusive  the  rules,  the 
better  will  be  the  quality  of  the  bulk  of  work  turned 
out.  This  means  that  professional  common  sense  is  only 
good  in  the  absence  of  a  good  rule  applicable  to  the 
case. 

The  ordinary  compression  member  has  a  large  part 
of  its  area  in  the  flanges  or  close  to  the  plane  of  the 
lattice.  For  such  members,  a  plane  of  lattice  in  each 
flange,  or  a  single  plane  in  the  middle,  in  the  case  of 
I-shaped   members,  can   be  calculated  as  a  lattice  truss. 

If,  as  in  the  foregoing,  we  assume  that  a  compression 
member  deviates  from  a  straight  line  one-quarter  of 
one  per  cent,  of  its  length,  or  if  in  Fig.  1.  ■  is  1/400,, 
4]iW  will  be  1/100  of  W.  That  is,  there  will  be  a 
shear  or  transverse  load  in  the  compression  member 
near  its  ends  one  per  cent,  of  the  axial  load.  This  shear 
is  taken  by  the  lacing.  A  rule  for  the  proportioning  of 
a  lattice  system  would  be  this:  Make  the  system  capable 
of  taking  a  shear  equal  to  one  per  cent,  of  the  total 
compression   In   the   member. 

Such  a  rule  would  be  troublesome  for  ordinary  work, 
as  it  would  result  in  an  assortment  of  different  sized 
bars,  where  now  standard  bars  are  generally  used. 

Taking  the  commonly  used  standard  bars  and  main- 
taining a  distance  center  to  center  of  end  rivets  not  to 
exceed  40  times  the  thickness,  we  have  for  safe  com- 
pressive strength  of  the  several  sizes,  the  following  (at 
10,000 — 40   l-j-r  per   sq.   in.). 

l%x%— 1950   (1-%-In.  rivet). 

2     x%— 2230  (1-%-ln.  or  %-in.  rivet). 

2  X5/16— 2790  (1-%-In.  rivet). 
2%x5/16— 3140  (1-%-in.  rivet). 
2%x%— 4180   (1-%-in.  rivet). 

2%x%— 5580  (1-%-in.  rivet,  at  7600  =  4510). 

3  xH — 6690. 

The  compressive  strength  of  a  lattice  bar  governs 
rather  than  the  tensile  strength. 

It  is  to  be  observed  that  the  compressive  strength 
of  these  various  bars  is  about  equal  to  the  shearing 
value  of  the  rivets  that  conform  to  the  various  bars. 

If  the  inclination  of  the  bar  be  60  degrees  with  the 
axis  of  the  member,  the  allowed  shear  corresponding  to 
the  strength  of  the  several  bars  will  be  found  by  dividing 
by  1.155.  By  making  this  division  and  multiplying  by 
100  we  And  that  a  single  plane  of  lattice  bars  1%  in.  x  \i 
in.  would  take  the  shear  of  a  member  having  a  stress 
of  225,000  lbs.  and  a  plane  of  bars  3  in.  x  H  in.  would 
take   the   shear  for   773,000  lbs.   of  direct  stress. 

There  is,  of  course,  the  possibility  of  some  of  the  bars 
being  bent  and  having  their  strength  greatly  impaired. 
In  large  members  there  will  be  two  or  four  systems 
of  lattice  bars.  But  there  is  margin  enough  shown  to 
make  it  clear  that  the  common  standards  for  lattice 
bars  are  quite  sufTlclent  for  all  ordinary  members  and 
to  indicate  that  the  size  of  bar  should  be  selected  on  a 
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basts  of  conformity  to  size  of  member  rather  than  any 
calculation  of  stress  in  the  bar. 

In  Bulletin  No.  44,  University  of  Illinois  Engrineering 
Kxperiment  Station,  some  tests  are  described  that  throw 
lig^ht  on  the  action  of  lattice  bars.  The  tests  also  point 
to  some  useful  conclusions  regarding  the  wrinkling  of 
thin  members.  The  stresses  (found  by  extensometer 
measurements)  in  lattice  bars  of  members  under  com- 
pression indicated  equivalent  transverse  shears  as  high 
as  two  or  three  per  cent,  of  the  direct  load  on  the  com- 
pression member.  The  irregular  distribution  of  these 
highly  stressed  lattice  bars  showed  that  their  stress 
"was  not  due  to  a  bowing  of  the  member  as  a  whole  but 
Tvas  due  to  local  crimping  or  wrinkling  of  the  side  chan- 
nels. On  the  face  of  it  these  tests  would  appear  to  call 
for  provision  in  lattice  bars  for  a  transverse  shear  of 
two  or  three  per  cent,  instead  of  one  per  cent.  There 
are  some  features  of  the  members  tested,  however,  that 
are  not  standard,  that  is,  they  are  not  in  accordance 
Tvith  good  specifications;  and  these  features  have  a  direct 
and  vital  bearing  on  the  results  found.  These  features 
are  pointed  out  in  the  following  paragraphs. 

The  web  plates  of  one  of  these  test  columns  were 
20"x%",  the  distance  between  rivet  lines  being  about 
60  times  the  thickness  of  plate.  Good  practice  would 
keep  this  ratio  down  to  32  or  at  most  40.  Wide,  thin 
plates  are  apt  to  wrinkle  under  endwise  compression, 
and  this  would  be  ample  explanation  for  local  excessive 
stresses  in  lattice  bars.  Thin  webbed  channels  have  the 
same  effect  in  compression  members.  Wide,  thin  sheets 
are  apt  to  be  buckled  in  the  manufacture,  and  these 
buckles  are  very  difficult  to  remove.  They  are  due  to 
unequal  contraction  on  the  cooling  beds.  It  is  manifest 
that  a  buckled  plate  in  compression  will  have  a  very 
much  diminished  effective  strength.  It  is  clear  also 
that  the  effect  of  a  buckle  in  a  plate  would  be  to  cause 
a  local  distortion  of  the  member  or  portion  of  a  member 
of  which  it  is  a  part.  The  lesson  of  this  test  is,  there- 
fore, that  wide  thin  webs  or  plates  should  not  be  counted 
for  their  full  value  nor  used  where  the  full  section  of 
the  member  is  needed. 

Another  feature  of  the  test  members  referred  to  is 
that  the  lattice  bars  are  relatively  very  thin.  In  one 
member  the  distance  between  end  rivets  is  more  than 
70  times  the  thickness  of  the  bar  and  in  the  others  it  Is 
nearly  60  times.  This  is  not  good  practice  for  compres- 
sion members.  It  was  probably  done  to  facilitate  the 
measurement  of  the  stresses,  but  It  vitiates  to  some 
extent  the  results.  These  limber  bars  would  allow  a  dis- 
tortion in  the  parts  of  the  member  which  stiffer'  bars 
,  would  inhibit.  Increased  stress  in  the  lattice  bars  would 
'  result  from  this  distortion.  One  of  these  tests  failed 
at  a  very  low  load  because  of  buckling  of  the  lattice 
bars.  It  was  the  member  with  the  thin  webs  whose 
lattice  bars  had  an  unsupported  length  70  times  their 
thickness.  This  demonstrates  that  slender  lattice  bars 
are  of  very  little  use,  especially  on  thin  webbed  mem- 
bers, and  that  both  should  be  avoided. 

Tests  described  In  the  same  pamphlet  show  that  the 
stress  in  the  lattice  bars  in  a  bridge  member  under 
live  load  was  too  small  to  be  measured.  Presumably 
these  lattice  bars  were  of  standard  proportions  and  hence 
stiff  enough  to  prevent  the  parts  Joined  from  starting 
to  buckle. 


For  very  heavy  members  calculation  of  the  stress 
in  the  lattice  bars  would  be  useful,  as  these  stresses 
would  be  of  srreater  magnitude. 

Double  lattice  should  be  used  in  heavy  members  and 
where  shears  are  carried,  as  in  posts  beside  the  road- 
way of  a  bridee  which  act  to  resist  sway. 

Lattice  made  of  angles,  with  one  or  two  or  even  four 
rivets  in  the  ends,  are  often  used. 

Members  four  or  five  feet  deep  from  flange  to  flange 
should  have  stifFening  angles  at  intervals  to  prevent 
buckling   of   their  webs. 

Compression  members  are  sometimes  made  with  bat- 
tens or  tie  plates  at  intervals  in  place  of  lattice.  This 
is  a  practice  that  is  deserving  only  of  condemnation. 
For  comments  by  the  author  on  a  failure  that  resulted 
from  the  inadequacy  of  columns  of  this  sort  see  E2ngi- 
neering  News,  July  27,  1911.  and  Sept.  28,  1911. 
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CHAPTER  XI. 
Designing  of  Compression  Members. 

The  selection  of  the  proper  section  for  a  compression 
member  and  the  deaigning  of  such  members  are  amon^ 
the  most  important  operations  in  the  design  of  a  struc- 
ture. The  strengrth  of  a  compression  member  is  de- 
pendent upon  the  design  not  only  of  the  end  detail  but 
of  the  member  throughout.  A  member  of  a  certain 
cross  section  may  be  weakened  by  poor  design  of  the 
lattice  or  of  the  tie  plates  as  well  as  the  end  detail. 

The  strength  of  a  compression  member,  assuming 
correct  details,  depends  upon  the  relation  of  its  length 
to  certain  properties  of  the  cross  section.  In  Chapter 
X  tlic  strength  of  compression  members  is  treated  and 
the  straight-line  formula  is  derived:  probable  stress  in 
lattice  bars  is  also  treated.  End  details  of  compression 
members  are  fully  taken  up  in  Chapter  XIV.  In  this 
chapter  the  practical  application  of  the  formulas  and 
rules  for  designing  the  section  and  details  not  treated 
elsewhere  will  be  considered. 

It  is  important  to  understand  Just  what  is  and  what 
is  not  the  length  of  a  member,  that  is,  Ji^t  what  value 
should  be  used  in  the  ratio  1  over  r.  This  1  over  r  is 
sometimes  called  the  ratio  of  slenderness.  Generally 
the  length  1  is  defined  as  the  distance  center  to  center 
of  end  connections  and  r  is  the  least  radius  of  gyration 
of  the  section.  But  this  definition  of  the  length  Is  some- 
what ambiguous  particularly  for  riveted  work.  If  it 
means  the  figured  length  of  a  member,  as  represented 
on  the  strain  sheet,  that  is,  the  distance  center  to  center 
of  intersections  of  members,  there  are  cases  where  it  is 
justifiable  to  use  a  shorter  length.  If  it  means  the  dis- 
tance center  to  center  of  the  groups  of  end-connecting 
rivets  in  a  member,  there  are  many  cases  where  this 
length  la  too  short.  Very  often  the  ratio  of  sl6nderness 
has  two  values,  and  sometimes  there  are  three;  each 
must  be  tried.  The  least  value  governs  in  all  cases  to 
determine   the   unit   stress   allowed. 

The  full  length  in  which  a  member  may  bend  (with- 
out straining  other  members  in  tension  or  compression) 
and  the  radius  of  gyration  about  an  axis  normal  to  the 
plane  in  which  the  bending  may  occur  are  the  terms 
that  should  be  used  in  the  ratio  1  over  r.  This  would 
seem  to  be  a  simple  thing,  and  yet  experienced  designers 
sometimes  err  in  its  application  maintaining,  for  ex- 
ample, that  a  member  stayed  In  one  plane  only  is  short- 
ened for  the  radius  of  gyration  of  both  axes.  To  ex- 
emplify the  rule  Just  given  some  special  cases  will  be 
cited. 

Case  1.  Given  a  single  angle  In  compression  in  a 
riveted  truss.  The  member  in  question  will  be  taken 
as  a  web  member  connected  at  the  ends  to  gussets  be- 
tween the  chord  angles.  The  least  radius  of  gyration 
is  that  about  a  diagonal  axis;  but  the  length  in  which 
the  angle  may  bend  diagonally  is  the  distance  between 
the  last  rivets  in  the  end  connections.  This  is  also  the 
maximum  distance  in  which  the  angle  may  bend  in  the 
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plane  of  truss.  In  a  plane  normal  to  the  truss  the  angle 
may  bend  throughout  its  entire  figured  length  as  a 
member  including  the  gussets.  In  this  case  1  should  be 
the  distance  that  would  represent  the  length  of  this 
member  in  a  line  drawing  of  the  truss  for  the  radius 
of  gyration  found  by  taking  the  axis  parallel  to  the 
plane  of  truss. 

Hereafter  the  length  just  referred  to  In  riveted  work 
will  be  called  the  figured  length. 

Case  2.  Given  a  web  member  as  In  Case  1,  but  com- 
posed of  a  pair  of  angles,  the  member  being  symmetrical 
about  the  plane  of  truss.  Here  the  angles  may  bend 
between  the  last  rivets  in  the  end  connections,  for  a 
radius  found  by  taking  the  axis  normal  to  the  truss. 
The  figured  length  should  be  taken  for  the  axis  in  plane 
of   truss. 

Case  3.  In  Fig.  1  member  cES  has  a  length  m  for  r 
about  an  axis  normal  to  the  plane  of  truss,  but  the 
length  is  n  for  r  about  an  axis  in  the  plane  of  truss. 
This  member  would  be  made  of  two  angles  with  wide 
fianges  in  the  direction  normal  to  the  truss,  such  as 
two    angles    3^x2^^. 


Case  4.  In  Fig.  2  member  aB  has  a  length  p  for 
the  minimum  or  diagonal  radius  of  the  angle,  and  a 
length  o  for  a  radius  about  the  axis  parallel  with  the 
plane  of  truss.  It  is  true  that  member  a  B  is  stiffened 
somewhat  by  A  li,  but  it  is  not  thereby  shortened  to 
one-half  its  full  length  as  a  column.  Good  design  woul(] 
demand  that  compression  members  be  not  considered 
stiffened  by  tension  members  in  the   same  plane. 

Case  5.  The  length  for  chords  of  a  riveted  truss 
should  be  taken  as  the  figured  length,  that  is,  the  panel 
length  of  the  truss,  independent  of  the  size  of  the  gusset 
plates.  The  gusset  plates  derive  their  rigidity  from  the 
chords  themselves  and  cannot  impart  rigidity  to  the 
chords. 

Case  6.  Large  compression  web  members  In  riveted 
work.  For  members  large  enough  to  receive  several 
rows  of  rivets  the  length  should  not  be  taken  as  that 
between  the  last  rivets  In  the  end  connections  but  the 
distance  between  the  centers  of  the  groups  at  each  end: 
this  is  for  the  radius  of  gyration  on  an  axis  normal 
to  the  truss.  In  the  other  direction  the  figured  length 
should  be  taken. 

Case  7.  A  column  resting  on  a  fiat  base  and  flat  on 
top,  supporting  any  load  resting  on  the  cap.  The  length 
for  any  radius  of  such  a  column  is  the  full  length  end 
to  end. 
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Case  8.  Buildingr  columns.  Ordinarily  the  height  from 
floor  to  floor  should  be  taken  as  the  length,  it  beams 
and  girders  have  a  riveted  web  connection  to  the  col- 
umn,   this    will    reduce    the    length    somewhat. 

Case  9.  A  pin-ended  member  with  no  intermediate 
stays.  The  length  for  both  axes  is  the  distance  center 
to'  center  of  pins.  When  the  column  formulas  allow 
different  units  for  pin  and  for  square  ended  members, 
this  member  is  pin-ended  in  the  one  direction  only  and 
square-ended  in  the  other.  It  does  not  require  so  large 
a  radius  of  gyration  for  an  axis  at  right  angles  with  the 
pin  as  for  an  axis  parallel  to  the  pin. 

Case  10.  An  intermediate  post  in  an  ordinary  through 
truss  span.  Here  the  length  for  an  axis  normal  to  the 
truss  is  the  distance  center  fo  center  of  pins  or  of  rivet 
groups  in  the  end  connection.  In  the  other  direction 
the  length  is  usually  less.  If  the  fioorbeam  is  riveted 
to  the  post  and  there  are  sub-struts  in  the  sway  bracing, 
the  length  is  the  distance  from  floorbeam  to  sub-strut. 
If  a  substantial  knee  brace  to  a  deep  top  lateral  strut 
is  used,  this  may  also  shorten  the  post.  Sometimes,  how- 
ever, the  knee  braces  give  stiffness  to  the  top  lateral 
strut  by  reason  of  the  stiffness  of  the  post  rather  than 
the  reverse*  Ornamental  brackets  in  sway  bracing  or 
portals  should  not  be  relied  upon  to  shorten  the  column 
length  of  the  posts  of  trusses. 

Case  11.  The  top  chord  of  a  pony  truss  is  often  of 
an  uncertain  length.  Pony  trusses  should  be  designed 
with  gussets  or  braces  at  each  floorbeam  or  at  short 
intervals;  but  some  are  made  without  any  braces  de- 
pending solely  upon  the  stiffness  of  the  web  members 
of  the  truss  to  hold  the  top  chord  In  line.  In  such  a 
truss  the  entire  top  chord  has  but  little  support.  How- 
ever its  length  as  a  compression  member  need  not  be 
taken*  as  the  full  span.  Two-thirds  of  the  full  length 
may  be  used  in  the  column  formula,  if  the  web  members 
of  the  truss  are  wide  enough  to  add  any  considerable 
stiffness  to  the  chord. 

A  compression  member  should  not  be  less  In  width 
than  one-flftieth  of  its  length. 

In  American  practice  compression  members  are  large- 
ly standardized.  Some  of  these  standards  are  good, 
and  some  are  not. 

For  light  loads  a  single  angle  is  sometimes  made 
use  of.  If  the  angle  is  milled  off  on  the  ends  and  has 
an  end  bearing,  it  may  be  designed  for  its  full  area,  I 
being  the  length  over  all  of  the  angle  and  r  being  the 
least  or  diagonal  radius  of  gyration.  When  the  angle 
is  connected  at  the  ends  to  plates  in  the  plane  of  one 
flange,  the  applied  load  is  eccentric,  and  the  full  area, 
as  of  a  symmetrical  member  cannot  be  counted.  The 
eccentric  stress  may  be  calculated  and  the  section  pro- 
portioned therefor,  but  It  Is  usually  close  enough  as 
pointed  out  under  Tension  Members,  and  would  be  found 
to  give  about  the  same  results,  to  count  the  area  of  the 
angle  as  that  of  one  flange  only  (the  larger  for  unequal 
leg  angles),  r  being  for  the  full  section  of  the  angle. 
As  a  rule  single  angles  are  not  permitted  except  In 
light  work  In  roofs  and  buildings  and  for  bracing  and 
even  here  should  not  be  used  for  principal  members  of 
trusses.     They   are   usually   avoided    In   first   class   work. 

A  section  much  used  is  composed  of  two  angles 
placed  back  to  back  and  either  separated  by  a  quarter 
of  an  inch  or  more  or  placed  close   together.     The  radii 
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of  sryration  for  such  sections  are  fully  given  in  God- 
frey's Tables.  When  the  lengrth  is  the  same  for  the 
two  axes,  it  is  best,  to  use  a  section  in  which  the  radii 
for  the  two  axes  are  about  equal.  When  the  member 
is  held  in  one  direction  and  made  shorter  as  a  column, 
by  some  intermediate  brace,  the  radius  of  gyration  for 
that  axis  may  be  less  than  for  the  other  axis.  The 
spacing  of  rivets  along  the  length  of  such  a  member 
does  not  receive  the  attention  it  merits.  A  compression 
member  derives  its  strength  partially  from  its  ability 
to  transmit  longitudinal  shear  from  one  part  of  the 
section  to  the  other.  This  shearing  strength  is  a  neces- 
sity to  resist  bowing  of  the  member.  If  a  compression 
member  be  split  in  two  longitudinally,  it  is  greatly  weak- 
ened. If  these  two  parts  be  bound  together  again  at  inter- 
vals, and  friction  between  the  surfaces  in  contact  be 
negligible,  the  column  is  still  very  much  weaker  than 
at  first,  being  of  the  strength  of  the  two  parts  acting 
as  separate  columns.     Batten  plates  or  bolts  with  a  long 

f:aspipe  washer  or  separator  can  carry  but  little  shear 
rom  one  part  to  the  other.  It  is  not  proper,  then,  that 
members  so  detailed  should  be  considered  as  compres- 
sion members  for  the  full  value  of  their  section.  Rivets 
spaced  two  or  three  feet  apart,  when  the  angles  are 
separated  but  a  fraction  of  an  inch,  while  not  quite  so 
objectionable,  still  do  not  meet  all  of  the  requirements 
of  a  good  compression  member.  A  spacing  of  twelve 
inches  is  close  enough  for  ordinary  work.  An  objection 
sometimes  made  against  a  member  made  up  of  two 
angles  separated  by  a  fraction  of  an  inch  is  that  the 
facing  surfaces  are  too  close  to  allow  painting  and  too 
far  apart  to  be  filled  with  any  protecting  substance. 

When  a  member  composed  of  two  angles  separated 
by  several  inches  is  used  in  compression  it  should  be 
latticed.  Sometimes  batten  plates  taking  four  rivets 
each,  spaced  three  or  four  feet  apart,  are  used  in  such 
members.  This  would  be  acceptable  for  a  brace  in 
tension  only;  though  lattice  is  preferable  in  such  braces 
also,  as  it  helps  to  distribute  the  stress  between  the 
parts  more  uniformly  and  makes  more  rigid  construc- 
tion. Batten  plates  at  intervals  will  not  unite  two  sep- 
arate parts  into  an  efficient  compression  member.  This 
criticism  applies  also  to  two  angles  placed  with  their 
heels  together  in  a  star-shaped  section.  This  is  not 
an  eflficient  compression  member. 

A  good  strut  is  made  of  four  angles  having  unequal 
legs,  built  in  I-shape,  with  lattice  in  the  vertical  plane 
and  the  long  leg  of  angles  horizontal.  Such  a  member 
has  great  vertical  stiffness  to  carry  its  own  dead  weight 
and  is  without  a  web  plate  at  the  middle  of  the  section, 
where  metal  is  of  minimum  value  in  compression  mem- 
bers. 

Still  heavier  and  stlffer  struts  are  made  of  four  angles 
latticed  in  four  planes. 
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Fig. 3. 

Angles  may  be  turned  as  at   (a),    (b),   or   (c).  Fig.   3. 
In  the  first  arrangement  four  lines  of  rivets  would  have 
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to  be  driven  by  hand  or  by  special  power  riveters.  In  the 
second  and  third  all  rivets  can  be  driven  by  power.  The 
usual  way  is  to  place  the  angles  as  at  (b). 

In  Godfrey's  Tables,  pages  101.  102,  and  103  the  radii 
of  gyration  for  two-angle  and  four-angle  sections  are 
given  for  varying  distances  back  to  back  of  angles. 
These  tables  may  be  used  for  angles  placed  as  at  (a), 
(b).  or  (c).  Fig.  3.  Other  built  sections  will  be  found 
in  the  same  book. 

A  common  section  for  compression  members  consists 
of  two  channels  separated  so  as  to  form  a  box  and 
latticed  on  two  sides.  The  flanges  may  be  turned  in 
or  out.  If  they  are  turned  in,  the  riveting  of  lattice  is 
more  expensive,  as  it  must  be  done  by  hand  or  by  use 
of  special  riveters.  It  is  the  more  usual  way  to  turn 
the  flanges  out.  The  radius  of  gyration  of  these  two- 
channel  sections  is  the  same  in  one  direction  as  that  of 
one  of  the  channels.  For  an  axis  perpendicular  to  the 
web  of  channel  the  radius  of  gyration  may  be  found  by 
laying  down  to  scale  a  right  triangle  one  of  whose 
sides  is  the  distance  from  the  center  of  section  to  the 
center  of  gravity  of  the  channel,  and  the  other  side  is 
the  short  radius  of  gyration  of  the  channel.  The  hy- 
pothenuse  is  the  radius  of  gyration  sought.  It  is  not 
often  necessary  to  work  this  radius  out,  as  it  is  usually 
greater  than  that  in  the  other  direction.  It  will  be  so 
if  the  distance  back  to  back  of  channels  is  greater 
than  that  given  in  tables  of  the  properties  of  channels 
(w^hich  show  the  distance  b.  to  b.  of  channels  to  make 
the  radii  equal.     See  Godfrey's  Tables,  pp.  16  and  17.) 

A  section  much  used  for  top  chords  and  end  posts 
of  bridges  consists  of  two  channels  and  a  cover  plate, 
the  lower  side  of  the  section  being  open  and  latticed. 
This  section  is  not  symmetrical  about  a  horizontal  axis, 
and  eccentricity  of  stress  should  be  avoided  by  locating 
the  intersection  of  members  or  the  pin,  in  or  near  the 
center  of  gravity  of  the  cross-section.  It  is  admissible 
to  place  the  pin  a  little  below  the  center  of  gravity, 
as  the  compressive  stress  will  then  tend  to  lift  the  mem- 
ber and  counteract  the  effect  of  dead  weight.  To  keep 
the  eccentricity  down  as  low  as  possible  the  cover  plate 
should  be  of  a  minimum  thickness,  not  less,  however, 
than  1/40  of  the  distance  between  rivet  rows  or  what- 
ever the  requirements  of  the  specifications  under  which 
the    design    is    made. 

A  section  much  used  for  columns  and  in-door  work 
consists  of  two  channels  and  two  cover  plates,  forming 
a  closed  section.  Closed  sections  are  seldom  used  in 
outside  work  because  of  the  possibility  of  their  rusting 
inside,  but  they  can  be  used  without  this  danger  in 
closed  buildings.  This  section  has  many  advantages. 
The  area  can  be  varied  to  suit  the  load  by  adding  thick- 
ness to  the  plates  and  weight  to  the  channels  or  by 
additional  cover  plates,  as  well  as  by  adding  reinforcing 
plates  on  the  channels.  In  the  upper  stories  of  a 
building  the  side  plates  may  be  omitted  and  lattice 
employed.  The  section  is  not  hard  to  keep  straight  in 
the  shop  or  to  mill  square  on  the  ends.  Splices  can 
be  made  without  difficulty.  Connections  for  beams  may 
be  made  either  at  the  center  of  column  or  to  one  side. 
One  disadvantage  lies  in  the  impossibility  of  replacing 
bad  rivets  found  in  the  finished  column,  whose  heads 
are  in  the  interior  of  the  column,  especially  because 
such  rivets  are  generally  in   brackets  supporting  loads. 
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This  should  be  considered  in  the  details,  and  such  brack- 
ets should   be  supplied   with   a   liberal   number  of  rivets. 

Compression  members  made  of  two  built  channels, 
and  with  two  sides  latticed,  may  be  used  in  place  of 
those  with  rolled  channels.  These  sections  are  often 
used  both  for  tension  and  compression  members.  Some 
of  the  advantages  of  such  sections  over  the  rolled  chan- 
nels are:  the  thinner  webs  possible  in  heavy  sections, 
wider  flanges,  and  possiblity  of  using  larger  rivets.  A 
disadvantage  is  in  the  four  extra  lines  of  rivets  to 
drive. 

Built  channels  with  a  cover  plate  are  much  used  in 
top  chords  and  end  posts  of  bridges.  Such  sec- 
tions are  composed  of  two  webs,  four  angles,  and  a 
top  plate.  Thd  lower  angles  are  generally  made  heavier 
than  the  upper  ones  so  as  to  balance  part  of  the  weight 
of  the  cover  plate  and  lower  the  center  of  gravity.  For 
properties  of  such  sections  see  Godfrey's  Tables,  pages 
111  to  118,  inclusive. 

In  the  chord  of  any  truss  it  is  well  to  make  as  few 
changes  as  possible  in  the  section.  The  same  size  of 
angles  and  webs  may  be  used  in  two  adjacent  panels, 
varying  the  top  plate  by  an  eighth  of  an  inch  without 
much  change  in  the  eccentricity.  The  cover  plate,  if 
it  alone  is  cut,  should  be  fully  spliced  with  rivets;  as 
it  is  practically  impossible  to  make  a  butt  joint  act  in 
conjunction   with   continuous   pieces. 

Sometimes  sections  are  used  in  which  the  bottom 
angles  have  an  extra  flat,  riveted  with  one  row  of  rivets 
to  one  flange  of  the  angle.  This  does  not  make  a  very 
good  section.  It  is  difficult  to  make  a  satisfactory  end 
connection  that  will  bring  in  these  small  parts. 

I-beams  are  sometimes  used  as  compression  members 
in  struts  and  posts.  They  are  not  economical,  unless 
they  can  be  stayed  against  bending  normal  to  the  web. 
The  radius  of  gyration  in  this  direction  is  only  about 
one-quarter  to  one-seventh  of  that  in  the  other  direction, 
and  hence  the  strut  should  be  stayed  at  several  points 
in  order  to  be  equally  stiff  in  both  directions. 

A  single  zee-bar  is  not  good  as  a  strut  because  of 
its  weakness  in  a  diagonal  direction.  By  adding  an 
angle  to  the  zee-bar,  however,  this  weakness  can  be 
overcome.  The  strut  is  then  similar  to  two  angles  but 
with  the  added  strength  of  the  other  flange  of  the  zee. 
This  sort  of  compression  member  is  well  adapted  for 
use  in  long  struts,  if  the  web  of  the  zee-bar  be  placed 
vertical,  as  the  dead  weight  of  the  strut  does  not  give 
high  extreme  flbre  stress. 

Zee-bar  columns,  made  of  four  zee  bars  and  a  web 
plate,  were  used  very  extensively  for  buildings  about 
a  decade  ago.  They  are  now  fallen  into  disuse.  They 
possess  advantages  in  the  matter  of  beam  connections 
and  of  accessibility  for  painting,  and  there  is  no  waste 
of  metal  in  lattice  bars.  A  disadvantage  is  in  the  large 
amount  of  metal  (web  and  four  flanges  of  zees)  near  the 
center  of  the  column,  where  metal  is  of  the  least  ef- 
flciency   in   a   column. 

A  decided  advantage  in  columns  that  are  open  for 
inspection  and  painting  lies  in  the  fact  that  rivets  are 
accessible  for  re-drlvlng  in  case  any  are  found  to  be 
poor. 

An  I-shaped  section  composed  of  four  angles  and 
a  web  plate  is  much  used  in  mill  building  columns.  It 
is  also  used   in   office   building  work.     A   table   showing 
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iradl!  of  gryration  for  such  sections  is  found  in  C^odfrey'd 
Tables,  pagre  201. 

The  straig^ht-line  formula  for  steel  columns  shows 
no  strengrth  whatever  in  a  column  having:  a  ratio  of 
slenderness  of  about  225.  For  values  near  this  the 
strengrth  is  small  and  uncertain.  The  formula  itself 
'Would  almost  prohibit  the  use  of  columns  having  a 
lengrth  approaching^  200  radii,  but  it  is  well  for  practical 
purposes  to  limit  the  value  of  this  ratio,  even  thougrh 
a  niember  may  show  by  calculation  the  required  strength. 
Good  limits  to  observe  are  100  for  truss  members  in 
bridges,  120  for  truss  members  in  roofs  and  bracing^  in 
bridges,   and   150  for  bracing  in   mill   buildingrs. 

The  tie  plates  and  the  lattice  of  a  compression  mem- 
ber form  sort  of  a  truss  to  stiffen  the  member,  and 
the  completeness  of  this  truss  must  be  kept  in  view 
In  the  detailing.  This  truss  must  be  capable  of  taking: 
transverse  shear  from  end  to  end  of  member.  It  is  not 
uncommon  to  find  members  detailed  with  little  regard 
for  this  continuity.  The  tie  plates  should  be  as  close 
to  the  end  of  a  compression  member  as  possible.  It 
Is  sometimes  necessary,  in  order  to  satisfy  this  require- 
ment properly,  to  add  inside  connection  angles  to  take 
tie  plates  close  to  the  end  of  a  member.  If,  for  example. 
In  a  pin-connected  truss  the  eye-bars  of  the  diagonal 
Interfere  with  the  flanges  of  the  post,  and  these  flangres 
are  cut  away,  the  inclination  of  the  bars  may  be  such 
as  to  require  the  placing:  of  the  tie  plate  an  excessive 
distance  from  the  end  of  the  member,  if  riveted  to  the 
flanges  of  the  same.  In  this  case  extra  angrles  riveted 
to  the  inside  of  the  channels  of  the  post  could  be  used 
to  take  the  tie  plate,  as  in  Figr*  4. 
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A  common  error  in  structural  details  is  to  make  the 
distance  x  in  Fig.  5  six  or  eig^ht  inches.  The  channels 
are  thus  compelled  to  take  shear  in  their  weak  direction, 
and  the  compressive  strength  of  the  member  is  grreatly 
lessened.  The  space  x  should  be  not  more  than  about 
three  inches.  It  is  better  to  connect  the  lattice  to  the 
last  rivet  of  the  tie  plate,  as  in  Figr.  6.  This  relieves 
the  channels  entirely  of  transverse  shear.  Another  way, 
where  double  lattice  is  employed,  is  to  use  short  bars 
riveted  to  the  middle  of  the  tie  plate,  as  in  Wig.  7. 

The  tie  plate  must  be  thick  enough  to  prevent  buck- 
ling. Generally  this  thickness  is  made  not  less  than 
one- fiftieth    of    the    distance    between    rivet    lines.      For 
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a  wide  member  this  would  sometimes  require  a  plate 
of  a  thickness  out  of  proportion  to  the  other  details. 
Thinner  plates  could  be  used,  if  they  are  stiffened  by 
ligrht  angrles  on  the  edges.  The  minimum  thickness  of 
metal  allowed  could  be  used  in  such  cases  with  the 
minimum  angles  that  will  take  the  size  of  rivet  em- 
ployed elsewhere,  the  angles  being  turned  in  or  out 
as  the  details  demand. 

After  the  wreck  of  the  Quebec  Bridge  in  1907  various 
details  were  adopted  to  overcome  the  supposed  weak- 
ness of  compression  members  similar  to  those  of  that 
structure.  Some  of  these  details  are  very  wasteful.  One 
detail  consists  in  the  addition  of  diaphragms  normal 
to  the  axis  of  the  member.  It  is  difficult  to  see  what 
useful  office  these  diaphragms  can  fill  in  a  member  that 
is  otherwise  well  proportioned.  If  relatively  thin  webs 
were  used  in  the  make-up  of  the  member,  diaphragms 
at  close  intervals  would  stiffen  these  webs,  but  angle 
stiffeners  would  answer  the  same  purpose  and  at  much 
less  expense.  Another  of  these  details  consists  of  heavy 
plates  tying  the  pairs  of  angles  together,  in  multiple 
angle  sections,  in  the  plane  of  the  lattice.  Much  metal 
can  be  wasted  in  details  such  as  these.  The  importance 
of  a  good  rigid  lattice  system  in  compression  members 
was  incidentally  emphasized  by  the  Quebec  Bridge  wreck, 
but  extreme  and  unnecessary  measures  may  do  more  to 
defeat   than   to   advance   the   ends   of  good   design. 

One  of  the  several  great  lessons  of  the  Quebec  Bridge 
wreck  that  was  ignored  by  the  investigating  commis- 
sion is  the  importance  of  lateral  rigidity  in  the  truss 
posts  of  a  bridge  between  the  floorbeam  and  the  over- 
head bracing,  that  is,  beside  the  roadway.  The  Quebec 
Bridge  was  very  weak  in  this  respect,  having  single 
lacing  of  slender  proportions,  instead  of  rigid  double 
lacing,  in  the  vertical  posts  in  planes  normal  to  the  axis 
of  bridge.  If  the  webs  of  vertical  posts  in  through  bridges 
are  not  normal  to  the  axis  of  bridge,  the  lattice  sys- 
tem in  these  posts  beside  the  roadway  should  be  ex- 
ceptionally rigid.  End  posts  carrying  portals  require 
still  more  rigridity  in  this  respect;  special  lattice  should 
be  used,  if  the  end  posts  do  not  have  cover  plates. 

Wide  thin  webs  in  compression  members  cannot  de- 
velop the  apparent  strength  indicated  by  their  area. 
Such  webs  should  be  avoided  or  else  their  weakness 
should  be  overcome  by  the  use  of  stlffener  angles  or 
by  some  other  means.  One  very  effective  way  is  to  in- 
troduce a  longitudinal  web  dividing  the  other  webs  and 
forming  an  H-section.  If  relatively  thin  cover  plates 
are  used,  a  portion  of  their  area  should  be  counted  out 
of  the  area  of  the  member. 

Thin  outstanding  flanges  of  angles  do  not  have  full 
value  as  parts  of  compression  members.  Under  tests 
these  will  buckle  before  the  member  has  developed  its 
rated  capacity.  Thin  flanges  are  further  liable  to  be 
damaged  in  handling.  It  is  well  to  have  outstanding 
flanges  of  a  thickness  of  metal  not  less  than  1/12  of  the 
free  width.  An  excellent  precaution  used  in  the  design 
of  the  subway  columns  in  New  York  was  the  employ- 
ment of  bulb  angles.  The  thickening  of  the  metal  at 
the  outer  edge  of  the  angle  serves  to  overcome  the 
weaknesses  mentioned  in  this  paragraph. 

The  increased  stress  due  to  the  dead  weight  of  a 
compresslop  member,  while  it  is  seldom  inade  a  matter 
of    calculation,    should    be    kept    in    view    when    long    or 
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Blender  members  ard  being:  dealt  with.  Slender  members 
may  sometimes  be  excessively  stressed  by  their  own 
weight.  It  is  usual  to  allow  an  extra  10  per  cent,  of 
fibre  stress  due  to  the  weight  of  member.  An  approxi- 
mate rule  for  guida^ice  in  proportioning  long  members 
in  compression  may  be  arrived  at  as  follows.  The  value 
of  the  radius  of  gyration  is  usually  about  four-tenths 
of  the  depth  of  a  section  or  eight-tenths  of  d,  the  dis- 
tance from  center  of  gravity  to  extreme  fibre.  If  M 
is  the  bending  moment  in  in.-lbs.  and  K"  the  extreme 
fibre  stress  per  sq.  in.  due  to  the  weight,  I  the  moment 
of  inertia,  A  the  area  of  section,  r  the  radius  of  gy- 
ration, W  the  weight  of  member,  and  1  its  length  in 
inches   we   have 

M  =  K"   I-j-d=K''   Ar^-T-d 

or, 

W1-T-S  =  K"  A^2-^d 
But  W=A  times   4    (adding   to   3.4   for  details)    times 
the  length  in  feet  or  one-twelfth  of  1.     Also  d  =  1.25r. 
The   unit  stress   then  reduces  to  K"— l^-^-aor,  nearly. 
It   is   desired   to   keep    this   added    unit   stress   due    to 
weight   of   member   within    10    per    cent,    of    the    regular 
unit  stress  K  in  the  member.     Assume  the  following  as 
units  allowed  in  specifications: 

K=  13.000 — «0  1  over  r,  wind  braces. 

K  =  15,200 — S8  1  over  r,  buildings. 

K= 20,000 — ^90  1  oTer  r,  bridges,  dead  load. 

K= 10,000—45  1  over  r,  bridges,  live  load. 
By    equating    one-tenth    of    each    of    these    values    of 
K  to  K"  in  the  equation  above  we  find  that  the  equation 
is  satisfied — for  wind  braces  at 

1=   60r,  when   1  =  400   ins. 

l=100r,  when   1  =  140   ins. 

I  =  150r9  when   1=   53   ins. 
for  members  in  buildings  at 

1=  50r,  when   1  =  492   ins. 

l=100r,  when  1  =  188   Ins. 

l  =  150r,  when   1=   87   ins. 
for  bridge  members,  under  dead  load,  at 

1=   40r,  when   1  =  820   ins. 

1=   SOr,  when  1  =  320   ins. 

l=120r,  when   1=163   ins. 
for  bridge   members,   under  live  load,   at 

1=   40r,  when  1  =  410  ins. 

1=   80r,  when   1  =  160   ins. 

l  =  120r,  when  1=  77  Ins. 
When  the  length  of  a  member  for  any  given  ratio 
of  slenderness  exceeds  the  length  in  inches  given  above, 
the  extreme  fibre  stress  due  to  bending  should  be  cal- 
culated, as  it  will  be  more  than  10  ;  per  cent,  of  the 
direct  unit  stress  due  to  compression,  if  the  axis  for  r 
is  a  horizontal  one  and  the  member  is  symmetrical  about 
that  axis,  the  member  itself  being  horizontal  and  not 
inclined. 

To  apply  this  in  a  practical  case  take  that  of  laterals 
In  railroad  bridges.  At  l=120r,  the  limit  allowed  in 
specifications,  we  would  find  that  the  equation  is  satis- 
fied when  1  =  97  Ins.  Laterals  up  to  eight  feet  in  length 
may  therefore  be  used  up  to  the  limit  of  slenderness  with- 
out allowing  for  stress  due  to  their  own  weight. 

If  a   member   is   unsymmetrical   or   does   not   He   in   a 

horizontal    position,    special    calculation    may    be    needed. 

In   the  foregoing  no   account   has   been   taken    of   the 

deflection  due  to  transverse  loading  and  the  added  fibre 

stress    resulting    from    this    bow    in    the    member.      The 
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effect  of  the  deflection  may  be  investigrated  as  follows: 

Let  Ur: deflection  of  member  due  to  transverse  loading 
and  D'- total  deflection  in  the  member  including^  the 
effect  of  a  direct  stress  S.  The  bending  moment  du€ 
to  the  direct  stress  and  a  deflection  D  is  S  D.  The  de- 
flection due  to  this  bending  moment  (assuming  tlie 
curve  of  the  member  that  of  a  uniformly  loaded  beam)  is 

6  SDI--i-48  E:1  =  5  S  0  1^-^48  £  A  r^. 
But  the  member  will  not  stop  with  this  amount  of 
deflection;  for  equilibrium  is  not  established,  on  account 
of  the  fact  that  this  increment  to  the  original  deflection 
D  means  an  added  extreme  flbre  stress,  which  further 
increases  the  deflection.  Writers  have  erred  in  neglect- 
ing this  fact  with  the  result  that  their  conclusions  are 
valueless.  If  the  fraction  of  D  in  the  last  expression 
(5  SI2-r-48  E3Ar2)  be  represented  by  x,  we  could  write 
the  total  increment  to  O  as  the  sum  of  the  inflnite 
series  x+xH-x*+etc.  When  x  is  fractional,  as  in  this 
case,  the  sum  of  this  series  is  x-t-(1 — ^x).  Taking  the 
fraction  Just  referred  to  and  solving  for  the  sum  of  the 
inflnite  series  we  may  write  for  the  total  deflection 
(adding  D  and  placing  for  S  its  equal,  AK) 

D'  =  48EDra-j-(48   E  r*— 6K  P)  . .  .  (1) 
In   this  value   of   D'  K  is   the   regular  unit  stress   In 
the   member. 

The  relation  between  a  deflection  D'  and  the  extreme 
flbre  stress  K'  resulting  therefrom,  assuming  as  before 
that  the  member  takes  the  shape  of  a  beam  under  a  uni- 
form load,   is  expressed   in   the   following: 

D'=:5    K'    12^48    Ed (2) 

where   d   is   the   distance   to   extreme   fibre   from   neutral 
axis. 

From  equations  (1)  and  (2)  K'  may  be  calculated 
for  any  given  case,  finding  first  D  for  the  existing  con- 
dition of  side  loading  and  then  D'  out  of  equation  (1), 
this  value  of  D'  being  used  in  (2)  to  find  K'.  These 
equations  are  for  general  use  in  any  case  of  transverse 
loading. 

To  investigate   the  case   of  a  member   under   bendingr 
f.om    its    own    weight    alone:    let    D  =  deflection    due    to 
V.  eight  and  lv''=  the  extreme  flbre  stress  resulting  there- 
from.    As  we  have  previously  found 
K''  =  l=-r-20r,  very  nearly    (3) 
also 

D  =  5K"  l2-T-48Ed   ..(4) 
or  if  d=1.25p  we  have  from  (3)  and  (4) 

n  =  |'-l-240   E  r- (5) 

In  equation  (1)  if  we  substitute  for  D'  the  value  In 
equation  (2)  (making  d  =  1.25r)  and  for  D  the  value  In 
equation  (5),  making  K'=l/10  of  K  we  have,  after  re- 
ducing 

48    EKr=— 5K2i3=24Erl2         (6) 
Using    the    units    allowed    in    speciflcations,    as    given 
heretofore,   we   find   that   equation    (6)    is  satisfied — 
for  wind   braces  at 

1=  50r,  when  1  =  365  ins. 
l=:100r,  when  1  =  106  ins. 
l  =  150r,  when  1=  37  ins. 
for  members  in  buildings  at 
1=  50r,  when  1  =  440  ins. 
l  =  100r,  when  1  =  127  ins. 
l  =  150r,  when  1=  43  ins. 
for  bridge  members,  under  dead  load,  at 
1=    40r,   when    1  =  745    ins. 

172 


1=   80r,  when   1—229    ins. 

l=:120r,   when    |:=    82    ins. 
for  bridge  members,   under  live  load,  at 

1=    40r,   when   1:^^91    ins. 

1=    80r,   when   1  =  137   ins. 

l  =  120r,  when  1=  59  ins. 
Fo.  the  case  of  a  bridg^e  lateral  we  find  that  equation 
(6)  is  satisfied  at  1=120  r  when  1=69  Ins.,  so  that  thi& 
further  refinement  would  show  that  at  the  limiting^ 
ratio  of  slenderness  laterals  in  compression  should  not 
exceed  about  six  feet  in  lengrth,  unless  allowance 
is  made  for  the  added  unit  stress  due  to  weig^ht  and 
deflection. 

Members  designed  to  take  transverse  loading:  other 
than  their  own  weight  are  grenerally  short  enoug;h  to 
make  calculation  of  the  deflection  under  bending:,  and 
added  fibre  stress  due  to  direct  stress,  unnecessary.  In 
such  cases  the  method  in  the  next  paragraph  is  to 
be   used. 

When  a  member  is  subject  to  bending:  as  well  as 
compression,  it  is  proportioned  in  a  manner  similar  to 
that  employed  in  the  aesign  of  tension  members  subject 
to  bending:.  (See  Chapter  IX.).  A  trial  section  is  taken 
and  its  radius  of  g:yration,  r,  and  distance  to  extreme 
fibre,  d»  are  found.  Then  with  the  bending:  moment  M 
in  inch-pounds  an  equivalent  direct  stress,  Bi  d  over  r 
tHimmre  is  obtained.  This  is  added  to  the  direct  stress 
in  the  member,  and  the  sum  divided  by  the  area  of  the 
trial  section  will  g:ive  the  total  extreme  fibre  stress 
in  the  member.  If  this  is  not  far  from  the  unit  allowed 
by  the  column  formula,  the  area  may  be  varied  by  chang:- 
ing  the  thickness  of  metal;  otherwise  a  new  trial  section 
should  be  selected.  In  an  unsymmetrical  section,  where 
the  values  of  d  above  and  below  the  neutral  axis  are 
different,  that  value  of  d  should  be  used  which  is  on 
the  compression  side  for  the  bending:.  Thus  in  a  pair 
of  ang:les  in  compression,  if  the  horizontal  leg:s  are 
turned  down,  tlie  maximum  compression  is  at  the  ex- 
treme edg:e  of  the  other  legs,  and  d  is  the  distance  from 
the  center  of  gravity  to  the  extreme  edge.  If  the  hori- 
zontal legs  are  turned  up,  d  is  less  in  the  value  of 
M  d  over  r  square.  This  is  the  better  position  for  the 
angles. 
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CHAPTER  XII. 
Rivets  and  Riveted  Connections. 


Metkoda  of  Failnre^Hivets  may  fail  in  either  of  tw^o 
ways.  They  may  be  sheared  in  two,  or  they  may  crush 
asrainst  the  metal  of  the  parts  they  Join. 

Failure  by  Skear — When  a  rivet  fails  in  shear,  the  area 
sheared  is  the  sectional  area  of  the  shank  of  the  rivet. 
This  area  is  always  taken  as  that  of  the  cold  rivet  be- 
fore drivingr,  and  not  the  area  of  the  hole.  If  the  steel 
of  a  rivet  will  stand  a  unit  shear  at  failure  of  40,000 
lbs.  per  sq.  in.,  it  will  require  40,000  times  the  area  of 
the  shank  of  the  rivetj^  expressed  in  sq.  in.,  to  shear  it 
off.  At  a  safe  load  of  7,500  lbs.  per  sq.  in.,  the  rivet  will 
be  erood  for  7,500  times  its  area. 

Failure  by  Cruskinv — When  a  rivet  fails  by  crushing 
against  the  plates  joined,  the  area  subject  to  crushingr 
is  equal  to  the  product  of  the  diameter  of  the  rivet  by 
the  thickness  of  the  plate,  or  the  projection  of  the  semi- 
intrados  of  the  rivet  hole.  The  diameter  in  this  case 
is  also  that  of  the  undriven  rivet.  The  ability  of  a  rivet 
to  resist  this  crushing  is  called  its  bearingr  value. 

Beariav  Value  of  Rivets — The  bearing:  value  of  rivets 
is  determined  by  the  compressive  strength  of  the  steel. 
This  property  of  steel  is  well  known.  For  structural 
steel  it  may  be  taken  as  60,000  lb.  per  sq.  in.  ultimate. 
The  shearing  strength  of  steel  is  not  so  well  defined.  Tests 
on  riveted  Joints  should  be  used  as  a  basis  to  Judge  the 
ultimate  value.  From  tests  made  at  the  Watertown  Ar- 
senal in  1896  on  steel  and  iron  bolts  and  rivets  in  holes 
punched  1/16  in.  larger  than  the  diameter  of  bolt  or 
rivet  (die  1/16  in.  larger  than  punch)  the  following  re- 
sults were  obtained,  the  values  being  in  ultimate  strength 
per  sq.  in.  The  nominal  diameter  of  rivet  and  not  the 
diameter  of  hole  is  used  in  the  case  of  rivets: 

Tests  on  No.  Tests  Limits  Average 

Steel    rivets     ....        4  49,500-60,330  54,750 

Steel    bolts     6  35,780-46,310  43,300 

Iron    rivets    13  46,150-57,350  61,430 

Iron    bolts    19  28,770-43,310  33,880 

.  It  Is  not  to  be  expected  that  rivets  as  ordinarily 
driven  will  be  of  equal  strength  with  specially  prepared 
tests.  An  average  ultimate  shearing  unit  may  be  taken 
as  40,000  lb.  per  sq.  in. 

Unit  in  BeariuMT  Compared  With  Unit  in  Shear — ^While 
in  such  classes  of  work  as  tanks  and  boilers  it  is  the 
practice  to  use  the  ultimate  units  of  60.000  and  40,000 
for  bearing  and  shear  respectively  and  to  apply  a  factor 
of  safety,  it  is  the  practice  in  structural  steel  work  to 
use  a  safe  unit  in  bearing  double  that  used  in  shear.  The 
use  of  harder  steel  for  members  of  a  structure  does  not 
Justify  higher  units  on  the  rivets,  unless  the  rivets  are 
also  of  harder  steel.  Usually  rivet  steel  is  of  a  softer 
grade  than  the  other  parts  of  a  structure. 

Variation  in  Unit  Values  of  Rivets — The  units  in  shear 
and  bearing  on  rivets  are  sometimes  a  given  amount  for 
all  shop  rivets  and  a  less  amount  for  field  rivets,  with 
an  exception  for  wind  stresses:  sometimes  different  units 
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are  used  for  the  floor  system  from  those  used  in  the 
trusses:  sometimes  the  units  vary  with  tne  unit  stress 
in  the  member,  which  in  turn  is  governed  by  the  so- 
called  fatigue  formula,  being  dependent  upon  the  ratio 
between  minimum  and  maximum  stress.  This  latter  is 
fortunately  required  by  but  few  specifications. 

Rtveta  in  Slnirle  and  Double  Skeai^— When  a  rivet  must 
shear  in  two  sections  before  a  connection  can  pull  apart, 
it  is  said  to  be  in  double  shear;  when  at  one  section  only, 
it  is  in  single  shear.  In  tables  giving  the  shearing  and 
bearing  value  of  rivets  (See  Godfrey'*  Tables,  p.  8.)  there 
are  heavy  lines  separating  the  bearing  values  that  are 
below  single  shear  and  those  that  are  above  double  shear. 
When  bearing  value  is  less  than  single  shear,  for  rivets 
in  single  shear,  the  former  value  governs.  When  the 
bearing  value  is  greater  than  double  shear,  for  rivets 
in  double  shear,  the  latter  value  is  to  be  used.' 

In  the  simple  case  of  a  member  riveted  on  one  side 
of  a  plate  as  at  (a).  Fig.  1,  the  rivets  are  in  single  shear. 
The  stress  that  may  be  allowed  on  a  rivet  in  this  case 
is  either  its  value  in  single  shear  (unit  allowed  x  area 
of  cross  section  of  rivet),  or  its  bearing  on  the  thinner 
of  the  two  parts  joined  (unit  allowed  x  diameter  of  rivet 
X  thickness  of  metal.)  At  (b),  Fig.  1,  the  rivets  are  in 
double  shear.  As  a  rule  the  bearing  on  the  plate  will 
however  determine  the  number  of  rivets  required,  unless 
the  plate  is  very  thick. 

Coamtersnalc  Rivets — Rivets  in  countersunk  holes  do 
not  have  the  value  of  those  in  cylindrical  holes.  This  is 
chiefly  because  of  the  method  of  driving  countersunk 
rivets,  and  not  only  because  the  sides  of  the  hole  are 
not  parallel.  When  any  kind  of  a  rivet  is  driven,  al- 
lowance is  made  in  the  length  of  shaft  for  metal  to  iill 
the  hole  and  to  form  the  head. 

For  hemispherical  heads  there  must  be  an  excess  in 
the  metal  for  the  head,  over  the  amount  required  to  fill 
the  die;  otherwise  the  die  will  strike  the  steel  and  can- 
not complete  the  upsetting  of  the  rivet.  This  would 
mean  loose  and  poor  rivets  and  more  work  for  the  shops. 
For  countersunk  rivets  there  is  a  saving  to  the  shops 
if  the  stock  allowed  just  fills  the  hole  and  the  counter- 
sunk head,  as  chipping  is  lessened  or  obviated.  How- 
ever, if  this  be  the  case  or  if  the  worse  condition  exists, 
namely,  insufficient  metal  in  the  rivet,  it  is  impossible 
to  upset  the  rivet  properly.  Furthermore,  the  spread- 
in9  out  of  the  rivet  induces  rapid  cooling,  adding  another 
element  to  the  difficulty  of  upsetting.  Added  to  this 
there  is  the  difficulty  of  testing  a  countersunk  rivet  for 
tightness  with  the  inspector's  hammer.  In  spite  of 
all  of  these  reasons  for  unreliability  in  countersunk 
rivets,  the  excellent  requirements  in  some  of  the  older 
standard  specifications,  limiting  the  units  on  counter- 
sunk rivets,  have  been  ignored  in  late  specifications.  It 
is  well  to  limit  the  shearing  or  bearing  value  of  counter- 
sunk rivets.  In  plates  %  in.  thick  and  over,  to  one-half 
their  full  value,  and  to  consider  those  in  plates  less  than 
%  in.  thick  as  not  taking  any  of  the  stress. 

Frtetlom  Between  Riveted  Plates — Experiments  on 
rivets  driven  In  slotted  holes,  and  other  experimental  de- 
terminations, have  shown  that  the  friction  between  plates 
is  sufficient  to  hold  them  against  slip  up  to  or  beyond 
the  safe  value  of  the  rivet.  This  friction  is  caused  by 
tension  in  the  shank  of  the  rivet,  and  this  tension  re- 
sults from  the  cooling  of  the  rivet  after  driving.     This 
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friction  is  a  larg-e  factor  in  the  strensrth  of  some  riveted 
joints.  Countersunk  rivets  are  apt  to  be  weak  In  this 
respect:  It  is  important  that  rivets  have  grood  and  sym- 
metrical heads  bearinsr  firmly  agrainst  the  metaL 
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FI9.2. 

BcBiUiis  StreMi  ta  RlTctfl — Rivets  are  subject  to  some 
bending:,  which,  however,  is  not  of  much  importance  in 
short  rivets,  because  of  the  fact  that  in  the  units  used, 
no  account  is  taken  of  the  tension  in  the  shank  and  the 
consequent  friction  between  the  plates  joined.  If  the 
rivets  are  extra  long,  the  tension  and  friction  are  of 
less  consequence  as  aids  in  the  strengrth  of  the  riveted 
connection,  and  also  the  bending  is  grreater.  A  require- 
ment in  some  speciflations  is  that  when  the  grrip  exceeds 
four  diameters,  additional  rivets  must  be  used  to  the 
amount  of  one  per  cent,  for  each  additional  sixteenth 
of  an  inch. 

ISxtra  Rivets  at  Splices — When  a  splice  is  made  in 
wliich  the  splicing:  pieces  are  not  in  direct  contact  with 
the  parts  they  splice,  as  when  a  chord  angle  of  a  grirder 
or  one  of  the  cover  plates  is  spliced  by  a  short  cover 
plate,  there  being  one  or  more  continuous  cover  plates 
interveningr,  extra  rivets  should  be  used.  These  are 
rather  to  give  length  enough  in  the  splice  to  allow  better 
distribution  of  the  stress  than  because  of  the  long  rivets. 
Some  specifications  require  that  for  each  intervening 
plate  there  must  be  an  increase  of  one-third  of  the  num- 
ber of  rivets  theoretically  required  on  each  side  of  the 
splice. 

Symmetrical  Pladmv  of  Rivets — Rivets  should  be  dis- 
posed symmetrically  about  the  line  of  stress,  as  near  as 
practicable.  When  they  are  not  so  placed,  the  eccen- 
tricity of  the  applied  load  will  cause  some  of  the  rivets 
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to  receive  greater  stress  than  others  and  possibly  grreater 
than  the  values  allowed. 

8tre««c«  is  Rivets  Under  Bceentrle  Load — In  order  to 
find  the  grreatest  stress 'on  any  rivet  when  the  load  is 
eccentric,  the  rivets  must  first  be  located.  Then  what 
might  be  called  the  polar  moment  of  inertia  of  the  grroup 
of  rivets  is  found.  This  polar  moment  of  inertia  divided 
by  the  distance  from  the  center  of  grravity  of  the  grroup 
to  any  rivet  will  give  a  value  correspondingr  to  the  sec- 
tion modulus  of  a  beam  in  bending.  Calling  this  modu- 
lus R,  the  stress  on  any  rivet  for  which  the  modulus  is 
found  (due  to  eccentric  application  of  the  load)  is  equal 
to  P  D-rR,  where  P  D  is  the  product  of  the  applied 
load  and  the  distance  of  its  line  of  application  from  the 
center  of  gravity  of  the  group  of  rivets. 

Twistimv  Moment  on  Rivets  Vnsymmetrically  Placed — 
The  polar  moment  of  inertia  of  a  group  of  rivets  is  the 
sum  of  the  squares  of  the  distances  from  the  center  of 
gravity  of  the  group  of  rivets  to  each  rivet.  The  twist- 
ing moment  is  the  product  of  the  load  by  the  perpen- 
dicular distance  from  the  center  of  gravity  of  the  group 
of  rivets  to  the  line  of  action  of  the  load.  The  force 
on  a  rivet  found  by  this  method  is  in  a  direction  per- 
pendicular to  the  line  from  the  center  of  gravity  of  the 
group  to  the  rivet  considered. 

This  force  is  to  be  combined  by  resolution  with  the 
force  on  each  rivet  in  the  direction  of  the  load  P,  which 
is  simply  P  divided  by  the  number  of  rivets. 

FSwiapie — To  take  a  numerical  example,  suppose  the 
rivets  shown  in  Fig.  2  are  spaced  3  Ins.,  both  horizontally 
and  vertically,  the  distance  D=10  In.,  and  the  load  P= 
12,000  lbs.  The  twisting  moment  Is  120,000  in.-lbs.  The 
polar  moment  of  inertia  of  the  rivets  is: 

2xl.5H-2x4.5-4-4xll.25-f  4x29.25  =  207 

The  polar  moment  of  inertia  may  also  be  found  by 
taking  the  sum  of  the  squares  of  the  distances  from  a 
vertical  axis  and  from  a  horizontal  axis  through  the 
center  of  gravity  of  the  group,  or  in  this  case, 

8x3«+6xl.6H-6x4.5*  =  207 

The  modulus  R  for  any  of  the  extreme  rivets,  namely, 
■y  By  ■§»  or  «»  is: 

207 -=-6.41  =  38.3 

The  stress  on  either  of  these  rivets  due  to  eccentric 
application  of  the  load  is  therefore: 

120,000-7-38.3  =  3140  lbs. 
in   the  direction  of  the  several  arrows,  that  is,  at  right 
angrles   to   a   line  from   the   center   of   the   group   to   the 
rivet  in  question.     The  modulus  R  for  rivets  r  and  p  is, 

207-^4.5  =  4.6 
and  the  force  on  each  of  these  rivets  is  2610  lbs.     It  is 
usually  necessary  to  try  only  the  rivets  that  are  farthest 
from  the  center  of  grav.ity  of  the  group. 

In  addition  to  the  above,  the  rivets  are  stressed 
equally  in  a  direction  parallel  to  the  line  of  the  load; 
in  this  case,  that  stress  is  1000  lbs.  on  each  rivet.  Com- 
bining these  forces  on  the  different  rivets,  as  indicated 
in  the  small  diagrams,  we  have  on  rivet  S,  2720  lbs;  on  r» 
2800;  on  m,  3790;  on  m,  2720;  on  p,  2800;  on  q,  3790. 

Bffect  of  Eceemtrle  Riveted  Connections — Ordinarily, 
eccentric  application  of  the  stress  on  rivets  is  given  little 
consideration.  We  see  In  the  foregoing  example  that  it 
means,  in  that  case,  an  increase  of  nearly  300  per  cent. 
of  the  stress  on  the  critical  rivet  over  what  would  be 
found  by  dividing  the  load  by  the  number  of  rivets.    As 
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of  application  of  the  load  P,  l.._  __ 
H3  t4  I"'  away  from  the  backs  of  connecting  a  „  . 
all  cases  a  vertical  load  or  a  shear  of  lOOO  lbs.  per  rivet 
Is  assumed,  and  the  resultant  on  the  critical  rivet  Indi- 
cates tbe  Increase  due  to  eccentricity. 

Caae  1.      3  In.  to  6  In.  standard  beam  connection.     This 
has  two  rivets  In  the  web  o(  the  beam: 
P  D   =3.876x2000 ^7.760 
H=    2.26 
Eccentric   stress  on  rlvet  =  3440 
Resultant  stress  on  rlvet  =  4440 
Case  Z.     T  In.  to  10  In.  std.  beam  conn.     This  bag  tour 
rivets   In    two   rows.      The    eccentric    stress   In  each    rivet 
Is  2300,  and  the  maximum   resultant  is  3070. 


Eccentric       stress       =1430 
Maximum  Resuitant    --1970 
Case  5.     18  in.  and  20  in.  std.   beam  conn.     This  has  5 
rivets  in  one  row. 

Eccentric  stress    ~    917 
Max.     resultant     —1360 
Case  6.     24  in.  std.  beam  conn.   This  has  6  rivets  in  one 
row. 

Eccentric  stress  =  790 
Max.  resultant  =1270 
In  the  forego! ngTt  as  stated,  the  beam  ofteringr  the  re- 
action is  assumed  not  to  assist  in  resistingr  the  bending: 
due  to  eccentricity  of  the  standard  connection.  Of  course 
if  this  beam  is  stiffened,  as  by  loaded  beams  on  the  other 
side,  the  moment  due  to  eccentricity  is  diminished,  being 
taken  partially  by  the  supporting  beam.  The  above 
figures  show  that  the  actual  stress  on  the  rivets  is  apt 
to  be  several  times  that  found  by  simple  shear. 

Case  7.  This  relates  to  a  splice  in  the  web  of  a  girder. 
Each  group  of  rivets  is  subject  to  bending,  and  the  twist- 
ing or  eccentric  moment  is  equally  divided  between  the 
two  groups.  As  before,  the  shear  will  be  taken  as  1000 
lbs.  per  rivet.  This  case  will  be  divided  into  sub-heads 
as  follows: 

(a)  A  splice  having  a  vertical  row  of  four  rivets  on 
each  side  of  the  joint  in  the  web;  rows,  3  in.  center  to 
center;  rivet  spacing,  3  in. 

Shear  =4000  lbs. 

Twisting  moment  for  each  row  =  4000x1  ^=6000  in.-lbs. 

Modulus  R  for  extreme  rivet  of  one  row  =10 

Eccentric  stress  on  extreme  rivet =600 

Resultant  stress  =  1170 

(b)  A  splice  having  a  vertical  row  of  6  rivets  on 
each  side  of  joint  in  web;  rows,  3  in.  center  to  center, 
rivet  spacing,  8  in. 

Eccentric     stress     =   430 
Resultant     stress     =1090 

(c)  A  splice  having  two  vertical  rows  of  8  rivets 
each  on  each  side  of  joint  in  web;  rows,  3  in.  center  to 
center;  rivet  spacing,  3  in. 

Twisting  moment  for  each  group,  16,000x3  =  48,000  in.-lb. 
Modulus  R  for  extreme  rivet. 
792-10.6  =  74.7. 

Eccentric     stress     =640 
Resultant     stress     =1260 

(d)  A  splice  having  two  vertical  rows  of  10  rivets 
each  on  each  side  of  joint  in  web,  details  as  in  (c). 

Eccentric     stress     =   530 

Resultant  stress  =1180 
The  above  shows  that  from  10  to  25  per  cent,  extra 
rivets  should  be  used  in  ordinary  web  splices  above  the 
number  required  for  simple  shear,  the  shallower  the 
girder  the  more  additional  rivets  required.  The  cases 
given  will  serve  as  a  guide  to  judge  closely  the  additional 
rivets  required,  without  going  through  the  process  of 
calculating  the  section  modulus  of  a  group  of  rivets.  In 
any  given  example  of  eccentric  stress  on  rivets  it  will 
simplify  the  work  to  use  round  numbers  closely  ap- 
proximating the  actual  spacing  of  rivets  and  to  assume 
a  shear  of  1000  lbs.  per  rivet,  adding  to  the  number  of 
rivets  required,  when  the  actual  shear  is  used,  the  per- 
centage by  which  the  resultant  exceeds  1000. 

TeBsiom  ob  Rivet  Heads — Specifications  usually  require 
that  tension  on  rivet  heads  must  be  avoided.     As  a  gen- 
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6ral  proposition  this  Is  a  good  requirement,  but  there  are 
cases  where  it  is  vory  dllTicult  to  avoid  tension  on  rivet 
heads,  without  ninldng:  expensive  or  clumsy  details.  One 
expedient  resorted  to  is  to  use  l)olts,  because  a  bolt  is 
Hlrontifer  to  resist  tension  than  a  rivet.  The  author  pre- 
fers rivets  in  tension,  in  greneral.  to  bolts,  for  the  rea- 
sons tliat  too  often  common  erection  bolts  are  made  use 
of.  and  it  requires  very  close  inspection  to  get  them 
tight;  and  the  rivet  seals  the  hole  better  against  the 
admission  of  water. 


DMilflrn   off  Detail  to  Tnke  Tension   on   Rivet   1Ieai1»— 

A  detail  to  take  tension  on  rivet  heads  must  be  correctly 
and  carefully  proportioned.  It  should  be  symmetrical.  A 
single  angle  on  one  side  of  a  member  is  not  a  proper  de- 
tail. There  should  be  at  least  four  rivets,  and  these 
should  not  be  over  about  2  in.  from  the  back  of  angles. 
In  many  details  where  there  is  tension  on  the  rivets  the 
designer  does  not  consider  the  thickness  of  the  connect- 
ing angle.  The  angles  may  bend  as  per  Fig.  13.  The 
thickness  of  connecting  angles  must  be  such  as  to  avoid 
this.  The  angle  is  under  bending  stress  at  the  heel  and 
at  the  rivet  line,  hence  the  lever  arm  for  bending  is  half 
of  the  gage.  For  a  tensile  value  on  a  rivet  no  more 
than  one-half  of  the  single  shear  value  of  the  rivet  should 
be  used.  If  6000  lbs.  be  used  as  a  unit  in  shear  and  10000 
lbs.  in  bending,  we  find,  for  %-in.  rivets,  1^  in.  gage, 
2M  in.  spacing,  the  thickness  of  angle  required  is  7/16  in.; 
for  %-in  rivets,  1%  in.  gage,  2%  in.  spacing,  the  thick- 
ness of  angle  required  is  ^  in.;  for  %-in.  rivets,  2>in. 
gage,  2%  in  spacing,  the  thickness  of  angle  required  is 
%  in.  The  angles  should  not  be  any  less  in  thickness 
than  the  figures  given,  and  if  the  gage  is  more  than 
that  given  above,  the  thickness  of  angle  should  be  in- 
creased. Greater  spacing  of  rivets  would  not  be  Justi- 
fication for  diminished  thickness  of  angles,  because  the 
distribution  of  the  load  along  the  rivet  line  is  not  as 
good  with  wide  spacing  as  with  close  spacing.  If  the 
connecting  angle  has  two  rows  of  rivets,  only  the  row 
next  to  the  heel  can  be  counted  upon  to  take  tension. 
It  is  manifestly  impossible  to  transmit  any  tension  into 
the  second  row  in  a  more  or  less  flexible  angle  until 
the  first  row  falls.  The  second  row,  however,  can  take 
any  shear  In  the  connection.  When  there  is  shear  in 
the  connection,  the  rivets  required  for  the  same  should 
be  in  addition  to  those  required  for  tension. 

Tests  have  shown  that  the  tension  on  rivets  due  to 
cooling  is  sometimes  very  high,  approaching  at  times 
the  elastic  limit  of  the  steel.  This  would  seem  to  indi- 
cate that  any  more  tension  might  cause  failure;  but  a 
little  analysis  will  show  that  pulling  on  the  head  of  a 
rivet  already  in  stress  due  to  shrinkage  does  not  in- 
crease the  stress  on  the  rivet  but  relieves  the  pressure 
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on  the  plates,  unless  the  added  tension  exceeds  that 
already  in  the  rivet. 

SfiaelBgr  of  Rlyeta — The  minimum  spacing  of  rivets 
for  structural  work  is  generally  three  diameters  of  the 
rivet  from  center  to  center  of  rivets.  In  single  riveted 
lap  joints  in  boilers  and  tanks  the  spacing  used  is  some- 
times as  close  as  2^  diameters  or  a  little  less.  Ordinary 
close  spacing  in  structural  work  is  about  4  diameters. 
Close  spacing  of  rivets  is  generally  required  at  the  ends 
of  columns  and  chords  for  one  or  two  times  the  width 
of  member;  also  at  panel  points  in  chords  the  rivets 
should  be  spaced  close  for  a  few  times  the  width  of 
member. 

The  usual  maximum  spacing  of  rivets  holding  the 
parts  of  a  built  member  together  is  six  inches.  In  the 
case  of  thin  metal  not  held  between  angles  or  other 
stiffened  parts  sixteen  times  the  thickness  of  metal 
should  be  the  maximum  spacing.  Thus  if  the  outside 
metal,  whether  of  angles  or  plates,  is  M  in.  thick  the 
maximum  spacing  of  rivets  should  be  4  in.  A  web  plate 
held  between  angles  of  thicker  metal  would  not  demand 
that  the  spacing  be  gaged  by  the  web  plate  but  by  the 
angles. 

The  distance  between  longitudinal  rows  of  rivets 
should  not  exceed  about  32  times  the  thickness  of  metal 
if  the  full  section  is  needed  in  the  member.  Sometimes 
a  ratio  of  40  is  allowed.  This  is  to  prevent  buckling  of 
plates  between  the  rivet  lines  and  has  special  applica- 
tion to  the  top  cover  plate  in  built  chord  members.  It 
is  good  practice,  where  this  requirement  would  demand 
too  thick  a  plate,  to  count  out  of  the  area  of  the  mem- 
ber, the  width  of  plate  in  excess  of  32  times  the  thick- 
ness. Where  several  plates  are  riveted  together  the 
longitudinal  rows  of  rivets  should  be  closer  than 
32  times  the  thickness  of  plates  so  that  the  plates  will  be 
firmly  pinched  together  throughout  their  entire  surfaces 
in  contact.  Two  outside  rows  spaced  6  in.  or  less  and 
an  intermediate  row  of  rivets  spaced  12  in.  is  a  common 
detail.  Very  deep  plates  may  have  more  than  one  inter- 
mediate row. 

Rivets,  as  a  rule,  should  not  be  closer  to  the  edge  of 
metal  than  twice  the  diameter  of  the  rivet.  One  and  one- 
quarter  inches  is  often  used  as  the  limit,  except  in  bars 
less  than  2^  in.  wide.  In  tanks  and  boilers  the.  edge  dis- 
tance Is  usually  made  about  1%  times  the  diameter  of 
the  rivet.  The  reason  for  this  and  for  the  closer  spacing 
of  rivets  In  this  class  of  work  is  so  that  the  calking 
edge  of  the  plate  will  be  firmly  held  down.  The  maxi- 
mum edge  distance  allowed  is  eight  times  the  thickness 
of  metal,  up  to  a  distance  of  6  in.,  which  should  not  be 
exceeded. 

In  general  the  diameter  of  rivet  in  the  flange  of  an 
angle  should  not  be  greater  than  one-quarter  of  the 
width  of  the  flange. 

Where  practicable,  spacing  of  rivets  should  be  given 
in  inches  and  quarters,  especially  in  multiple  punch 
work. 

Symmetry  in  rivet  spacing  in  long  pieces  should  be 
maintained  so  far  as  possible,  so  that  a  half-length 
template  will  be  all  that  is  required.  In  plate  girders 
the  spacing  of  rivets  in  the  intermediate  stiffeners  should 
if  possible,  be  the  same  as  for  end  stiffeners  to  facilitate 
multiple  punch  work.  The  reduced  number  of  rivets 
needed  in  Intermediate  stiffeners  may  be  effected  by  drop- 
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pingr  out  some  rivets,  rather  than  by  altering  the  spacing 
of  rivets  from  that  used  in  the  end  stiffeners. 

One  size  of  rivet  should  be  used  throughout,  where 
practicable,  to  avoid  the  expense  of  handling:  the  pieces 
more  than  once  to  punch  the  holes.  However  flangres 
of  channels  and  I-beams  require  special  dies,  so  that 
extra  handling  is  necessary  in  any  event.  These  flanges 
often  require  rivets  of  a  smaller  diameter  than  the  other 
parts. 

The  usual  sizes  of  rivets  in  structural  work  are  %  in. 
and  %  in.  On  very  light  work  %  in.  rivets  are  used  and 
in  very  heavy  work  one  inch  rivets  are  needed. 

In  boiler  and  tank  work  odd  sizes  of  rivets  are  often 
used,  such  as  5/16,  7/16  and  11  /16  inches  in  diameter,  as 
well  as  the  diameters  in  eighths  and  quarters. 

A  drawing  should  always  state  whether  holes  for 
rivets  are  to  be  plain  punched  or  reamed  or  drilled.  If 
the  work  is  reamed,  the  size  of  the  punched  hole  should 
be  stated.  If  only  part  of  the  work  is  to  be  reamed,  the 
note  should  state  clearly  Just  what  part.  It  is  scarcely 
necessary  in  general  to  ream  the  holes  in  lattice  bars 
and  batten  plates,  but  this  does  not  mean  that  in  reamed 
work  the  holes  In  the  main  member  which  take  the 
lattice  bars  and  tie  plates  may  be  punched  full  size.  The 
purpose  of  reaming  is  to  cut  away  hardened  metal  and 
incipient  cracks  around  the  punched  hole  due  to  the 
action  of  the  punch  and  die.  It  serves  to  toughen  and 
strengthen  the  metal  of  a  member  and  is  of  as  much  im- 
portance in  the  case  of  rivets  taking  lattice  bars  as  in 
the  case  of  other  rivets  in  the  member. 

Bolts  and  Doited  Connections — Bolts  are  made  use  of 
where  riveting  would  be  difficult  or  expensive.  A  bolt 
to  be  equivalent  to  a  rivet  of  the  same  diameter  should 
be  a  turned  bolt:  it  should  be  tight  fitting,  in  a  reamed 
or  drilled  hole  not  more  than  1/64  in.  larger  in  diameter 
than  the  bolt:  it  should  have  a  %ln.  or  %  in.  wrought 
washer  under  the  head  with  the  thread  ending  midway 
of  the  washer.  Bolts  are  sometimes  used  in  place  of 
rivets  in  punched  holes,  the  diameter  of  bolt  being  the 
same  as  the  rivet  that  would  be  used.  In  such  case, 
if  the  bolts  carry  a  load,  there  should  bfe  50  per  cent, 
more  bolts  used  than  the  number  of  rivets  required.  It 
is  a  very  difficult  matter  to  get  the  workmen  to  make 
bolts  tight.  This  should  be  considered  in  designing 
bolted  connections  of  this  sort,  as  the  strength  of  the 
connection  will  be  mainly  due  to  friction. 

Bolts  for  steel  work  usually  have  hexagonal  heads 
and  nuts,  while  those  for  wood  work  have  square  heads 
and  nuts.  The  washers  for  wood  work  are  usually  O.  G. 
washers  of  cast  iron. 

Anchor  bolts  for  beams  and  girders  should  In  general 
be  long  enough  to  extend  12  or  15  in.  In  the  stone.  Large 
bolts  should  be  18  to  24  in.  in  the  stone.  Bolts  not  in- 
tended to  resist  any  uplift  may  be  hacked,  or  threaded, 
or  split  at  the  lower  end  and  driven  over  a  wedge.  If 
an  uplift  is  to  bo  resisted,  the  bolt  should  be  built  Into 
the  masonry  or  concrete  and  take  hold  of  a  washer  or 
bearing  plate  or  a  grillage.  Provision  should  be  made 
for  preventing  the  head  in  the  masonry  from  turning. 
A  stop  plate  riveted  to  the  washer  plate,  or  a  square  re- 
cess in  a  cast  washer  fitting  the  head  of  bolt,  or  a  thick 
washer  threaded  to  receive  the  bolt,  are  ways  of  accom- 
plishing this  end. 

182 


CHAPTER  XIII. 
End  Connections  of  Tension  Members. 

The  stress  for  i|rhich  the  end  connections  of  tension 
or  compression  members  are  designed  is  generally  the 
total  maximum  stress  in  the  member.  It  is  the  same 
stress  as  that  for  which  the  tnember  is  designed.  See 
Chapter  IX.  Dead  load  is  added  in  its  full  value.  Im- 
pact is  added  when  the  speciflcations  require  it.  Some 
specifications  require  that  members  have  end  details  cap- 
able of  taking  the  full  stress  that  the  member  will 
take,  even  when  the  member  has  a  capacity  for  stress 
in  excess  of  the  actual  stress  to  be  taken.  Truss  mem- 
bers subject  to  reversal  of  stress  are  generally  designed 
with  details  capable  of  taking  the  maximum  stress  of 
one  sign  plus  eight-tenths  of  the  maximum  stress  of  the 
other.  For  lateral  or  other  braces  there  is  scarcely  any 
need  of  designing  for  more  than  the  maximum  stress. 

The  several  end  connections  of  rods  and  bars  are 
heads,  loops,  and  nuts. 

The  eyebar  head  is  one  of  the  most  perfect  and  efti- 
cient  of  end  details.  In  steel  bars  eyebar  heads  are  or 
should  be  forged  out  of  the  bar  itself.  There  are  ways 
of  making  eyebars  by  welding  pieces  on  the  side  of  a  bar 
or  by  turning  the  bar  around  a  mandrel  and  scarf-weld- 
ing the  narrow  edge  to  the  bar.  There  is  still  another 
way,  namely,  by  bending  a  short  length  of  bar  around 
a  mandrel  and  forming  a  head  or  eye  or  loop  and  then 
butt- welding  this  on  the  end  of  the  bar.  Of  air  the  fore- 
going methods  the  latter  is  the  worst.  It  cannot  be  too 
strongly  condemned.  The  piled  head  (pieces  welded  on 
the  side)  and  the  head  or  loop  formed  by  turning  and 
scarf-welding  are  bad  enough.  Welds  in  steel  are  un- 
certain and  should  never  be  employed  where  the  full 
stress  comes  on  the  weld.  Scarf-welds  in  a  loop  rod  of 
small  diameter,  say  up  to  1%  in.  or  so,  have  been  found 
to  hold  to  the  extent  of  the  ultimate  strength  of  the 
rod.  In  these  the  weld  is  not  stressed  with  the  full  al- 
lowed unit,  since  the  rod  is  doubled  in  the  loop.  Scarf- 
welds,  however,  of  the  thin  edge  of  a  flat  have  too  small 
a  percentage  of  area  in  contact. 

The  usual  proportions  of  eyebar  heads  give  a  net  area 
through  the  pin  at  least  one-third  greater  than  the  cross 
section  of  the  bar,  that  is,  the  width  of  the  head.  If  it 
is  made  of  the  same  thickness  as  the  bar,  should  not  be 
less  than  diameter  of  pin  +  width  of  bar  + 1/3  width  of 
bar.  In  the  drawing  this  diameter  is  to  be  used,  the  head 
being  made  a  circle  Joining  to  the  sides  of  the  bar  by 
tangent  curves  of  a  radius  equal  to  %  of  the  diameter 
of  the  head.  This  is  the  standard  shape  of  eyebar  heads 
as  made  in  America.  These  h^ads  are  found  by  many 
tests  to  be  efficient.  It  becomes  necessary  in  some  cases 
to  reduce  the  diameter  of  an  eyebar  head  below  the  re- 
Quirement  of  the  standard  bar  of  the  size  used.  The  re- 
Quired  net  section  may  be  obtained  by  increasing  the 
thickness  of  the  head.  The  standard  eyebar  has  a  head 
or  eye  of  the  same  thickness  as  the  bar. 
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The  size  of  pin  to  be  used  In  an  eyebar  should  not  b6 
less  than  %  of  the  width  of  the  bar.  The  American 
Bridge  Go's,  standard  eyebar  lieads  may  be  found  in  Car- 
negie Pocket  Compauiou  or  in  Godfrey's  Tables.  It  is 
there  seen  that  the  maximum  diameter  of  pin  is  as  a  rule 
an  inch  or  so  more  than  the  width  of  bar.  The  American 
Bridsre  Co.  has  issued  later  standards  than  these,  in 
which  9-in.  and  16-in.  bars  have  been  added.  Some  other 
revisions  are  these — 3-in.  bars  allow  5%  in.  maximum 
pins,  6-in.  and  6-in.  bars  allow  8^  ^.  maximum  pins, 
7-in.  bars  allow  9-in.  maximum  pins. 

Loops  are  formed  by  forging  a  part  of  a  rod  around 
a  mandrel  and  scarf-weldingr  the  end  to  the  side  of  the 
rod.  The  standard  distance  from  center  of  pin  to  inner 
point  of  weld  is  twice  the  diameter  of  pin.  The  mandrel 
should  be  somewhat  smaller  than  the  diameter  of  pin, 
and  the  loop  should  be  reamed  subsequently  to  the  exact 
size  of  pin  +  1/32  of  an  inch.  In  light  rods,  up  to  about 
1^  in.  square,  steel  may  be  safely  used,  if  it  is  low  carbon 
steel  and  suitable  for  welding  and  is  carefully  welded, 
as  these  small  rods  have  been  found  to  stand  the  tests. 
Heavier  rods  in  steel  are  of  very  doubtful  strength.  They 
are  apt  to  be  weak  in  the  weld  and  to  fail  in  the  same 
before  the  strength  of  the  bar  is  developed.  If  loop  rods 
are  required  in  heavy  section,  they  should  be  made  of 
wrought  iron. 

Double  loops  or  forked  eyes,  as  they  are  sometimes 
called,  are  formed  of  two  pieces  of  metal  looped  and 
welded  together  for  a  short  distance  at  the  ends  and 
then  butt-welded  to  the  rod.  See  Fig.  3.  This  form  of 
end  connection  should  be  avoided  wherever  possible  and 
should  never  be  used  in  anything  but  wrought  iron.  A 
clevis  should  be  used  in  preference  to  the  forked  eye. 
If  forked  eyes  are  employed,  the  unit  streess  should  be 
low. 

When  thread  and  nut  are  used  as  the  end  detail  on 
a  rod,  the  rod  should  be  upset,  that  is»  forged  to  a  larger 
diameter  in  the  threaded  end,  if  the  full  safe  stress  is  to 
be  realized  on  the  rod.  In  such  cases  as  for  anchor  bolts 
embedded  in  concrete  the  grip  of  the  concrete  can  be  as- 
sumed to  make  up  for  the  reduction  of  area  at  root  of 
threads.  In  some  cases.  It  is  more  economical  to  figure 
the  section  of  rod  at  root  of  thread  than  to  go  to  the  ex- 
pense of  upsetting.  This  would  be  true  for  short  bolts. 
Threads  that  are  rolled  in  a  rod  In  place  of  being  cut 
do  not  diminish  the  section  as  much  as  the  cut  threads, 
as  part  of  the  metal  is  raised  by  the  rolling.  In  fact  tests 
on  rolled  thread  sometimes  show  failure  in  the  body 
of  the  rod  and  not  in  the  thread.  Rolled  threads  on  rods 
are  often  used  for  hooping  in  wood  stave  pipe  lines,  tank 
hoops,  etc. 

Upsets  should  always  be  made  by  forging  up  the  metal 
to  larger  diameter.  They  should  never  be  made,  as  the 
practice  is  in  some  second  class  shops,  by  welding  on  a 
stub.  It  would  be  better  and  safer  to  cut  the  thread  on 
the  original  rod.  The  practice  of  welding  on  stubs  may 
deceive  an  Inspector  or  purchaser:  it  is  very  apt  to 
weaken  the  rod  very  materially. 

The  diameter  of  upset  must  be  such  as  to  give  a  di« 
ameter  at  root  of  thread  greater  than  that  or  the  rod, 
as  local  forging  of  steel  diminishes  to  some  extent  the 
tensile  strength.  In  Godfrey'ii  Tables,  pnge  85,  the  stand- 
ard upsets  for  square  and  round  bars  are  given.  This  !■ 
the  standard  of  the  old  Keystone  Bridge  Co.  and  Is  con* 
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sideired  by  m&iiy  to  give  rather  larger  upsets  thatt  are 
necessary.  The  standard  was  evolved  irom  tests  on 
wrougrht  iron,  and  as  the  forgringr  disturbs  the  fibres  in 
wrougrht  iron,  there  would  of  course  be  more  excess  area 
needed.  The  standard  griven  on  page  198  of  the  same 
book  is  the  one  adopted  by  the  American  Railway  En- 
gineering and  Maintenance  of  Way  Association  in 
1904.  In  this  standard  the  excess  area  at  root  of  threads 
is  less  in  some  cases  than  in  the  other. 

If  a  flat  bar  is  to  be  made  adjustable,  that  is,  to  be 
upset  and  threaded,  the  size  of  upset  may  be  found  by 
taking  the  area  of  the  cross  section  of  the  bar  and  find- 
ing the  diameter  of  a  round  or  square  rod  having  an 
equal  area:  the  upset  for  this,  as  found  in  the  table, 
will  be  used  for  the  flat  bar. 

Besides  a  plain  nut  abutting  against  a  flat  surface,  end 
details  are  made  on  rods  by  means  of  clevis  nuts,  which 
are  connected  to  a  plate  by  means  of  pins.  Turnbuckles 
and  sleeve-nuts  are  used  to  Join  together  the  ends  of 
rods.  Clevises,  turnbuckles,  and  sleeve-nuts  are  forged 
out  of  single  pieces  of  metaU  so  that  these  can  be  of 
steel.  They  are  all  efTicient  end  details.  Turnbuckles  are 
better  than  sleeve-nuts,  because  they  are  open  for  in- 
spection. Standards  for  these  are  found  in  Carnegie 
Pocket  Companioiiy  Godfrey's  Tables  and  other  books  on 
structural  data.  Dimensions  and  weights  of  these  as  well 
as  square  and  hexagonal  nuts  are  included. 

In  any  end  detail  in  which  a  rod  is  threaded  it  is  es- 
sential that  the  rod  be  long  enough  to  take  the  full 
thread  in  the  nut. 

Sometimes  lateral  rods  have  bent  heads,  which  are 
attached  to  the  end  of  a  chord  pin  or  other  pin,  being 
held  by  a  nut  or  a  nut  and  washer.  See  Fig.  1.  This  de- 
tail is  now  very  little  used.  It  is  not  efTicient  on  account 
of  the  bend  and  because  of  the  difficulty  of  holding  down 
the  head.  It  is  suitable  only  for  light  rods  carrying 
nominal  stress  or  for  temporary  bracing. 

The  detail  shown  in  Fig.  2  is  given  for  the  purpose  of 
condemning  it.  The  bent  plate  is  practically  useless,  as 
it  would  simply  straighten  out  under  stress. 

So-called  wing  plates  are  plates  taking  a  lateral  rod 
by  means  of  a  clevis  or  forked  eye  and  bent  normal  to 
the  chord  pin,  as  shown  in  Figs.  3  and  4.  This  is  not  a 
bad  detail,  if  there  is  a  heavy  square  washer  used  to 
prevent  straightening  out  of  the  bend,  as  in  Fig.  3,  or 
if  some  equivalent  detail  is  employed.  Wing  plates  are 
often  used  that  would  straighten  out  at  the  bend  before 
the  connecting  rods  receive  their  full  stress. 

Besides  using  clevises  or  forked  loops  plain  looped 
rods  may  be  used  in  pairs  on  wing  plates  or  other  similar 
details,  the  adjustment  being  by  means  of  turnbuckles 
or  sleeve-nuts. 

To  proportion  a  wing  plate,  it  must  first  be  thick 
enough  to  give  the  proper  bearing  on  the  pins.  Thus  if 
20,000  lbs.  per  sq.  in.  be  allowed  in  bearing,  and  a  two- 
inch  pin  be  used  in  the  rod,  assuming  a  stress  of  30.000 
lbs.  on  the  rod,  the  bearing  area  required  is  30.000-7- 
20,000=1.5  sq.  in.  Dividing  this  by  2,  the  pin  diameter, 
gives  .75  inches  as  the  thickness  of  plate.  The  next 
point  to  be  determined  is  the  width.  The  area  beside  the 
pin  should  be  50  per  cent,  greater  than  the  area  of  the 
rod.  In  Fig.  5,  2il  x  the  thickness  of  plate  should  be  1.5 
times  area  of  rod.  Assuming  an  area  of  rod  =  2.  that 
beside   the   pin   should    be    3.    making   d  =  2    Inches.      The 
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stress  against  the  chord  pin.  or  ■  In  Figs.  3  and  4,  will 
be  leas  than  the  pull  on  rod.  ABSumlng  this  stress  2/1 
as  great,  an  area  beside  pin  ot  2  sq.  In.  Is  required,  or 
t=1.33  In.  If  the  chord  pin  is  4  In.,  the  width  ot  wins 
plate  must  then  be  about  6%  in.  The  next  point  to  be 
determined  Is  the  distance  In  front  ot  pins.  The  part 
ot  the  metal  at  t  and  ar.  Fig.  E,  Is  In  shear.  In  reality 
the  surfaces  In  shear  are  I  n  and  n  o>  Fig.  fi,  but  twice 
the  minimum  distance  from  bole  to  edge  ot  plate  i* 
commonly  used.  Since  this  surface  la  In  shear,  its 
magnitude   will   be   determined    by   the    shearing   unit   al- 


If  1 


7.600   1 


;-hBll  the 
F  Will  be  equal 
requirement  to 


tnake  these  equal.  The  distance  m  would  h6ed  to  b6 
two-thirds  as  much  as  e  or  about  2  ins. 

An  economical  detail  for  light  top  lateral  rods  in 
highway  bridges  consists  of  threaded  rods  witii  nuts, 
and  angle  connections  to  the  chord,  as  shown  in  Fig.   7. 

An  old  style  detail  for  attaching  clevis  nuts  on  lateral 
rods  to  chord  consists  of  a  small  pin  in  a  hole  through 
a  projecting  portion  of  the  chord  pin.  This  detail  is 
only  mentioned  to  warn  against  its  use. 

Another  poor  style  of 'detail  is  shown  in  Pig.  8.  Rods 
pass  through  the  web  of  a  beam  or  a  gusset  plate  and 
have  end  nuts  bearing  on  what  is  called  a  skew  back. 
Sometimes  this  skew  back  is  a  bent  plate  as  in  the 
figure,  and  sometimes  only  a  small  cast  iron  piece  Is 
used.  The  detail  in  Fig.  8  is  extremely  faulty  because 
of  the  twisting  on  the  beam  that  would  be  induced  by 
any  pull  on  the  rods. 

To  proportion  a  connection  such  as  shown  In  Fig.  9 
the  thickness  of  pin  plate  is  found  as  for  the  wing  plate, 
that  is:  the  plate  is  made  thick  enough  to  keep  the 
bearing  area  within  the  allowed  limits.  The  shearing 
area  in  front  of  the  pin  is  also  found  as  in  the  case  of 
the  wing  plate;  or  In  other  words  the  pin  Is  located  far 
enough  from  the  edge  of  the  plate  to  give  the  required 
shearing  area.  The  rivets  required  in  the  connection 
to  strut  will  be  determined  by  the  component  a  of  the 
stress  In  the  rod.  The  three  rivets  shown  in  the  pin 
plate  will  have  a  value  in  bearing  on  the  pin  plate  or 
in  double  shear,  whichever  is  less.  The  six  rivets  in  the 
angles  of  the  strut  will  be  In  single  shear  or  in  bearing 
on  connection  angles  or  strut  angles;  the  least  value 
will  govern.  The  component  h  will  be  used  similarly 
to  determine  the  rivets  In  the  other  connection.  These 
two  connections  are  not  in  tension,  for  it  is  manifest 
that  a  stress  in  the  direction  of  the  component  a  on  the 
connection  to  strut  and  one  in  the  direction  b  will  hold 
the  force  c  In  equilibrium. 

In  extreme  cases  the  gusset  or  pin  plate  may  be  long 
enough  to  need  stiffening  on  the  edges.  This  can  be 
done  by  use  of  one  or  two  angles  on  the  edge  away  from 
the  pin.  It  may  further  be  necessary  to  calculate  the 
bending  moment  on  the  gusset  plate  as  a  beam  with  a 
concentrated  load  at  the  pin.  The  span  of  the  beam 
Is  the  distance  between  the  centers  of  the  two  connec- 
tions. 

The  detail  shown  In  Pig.  10  introduces  tension  on  rivet 
heads.  The  component  a  of  the  stress  Is  the  amount  of 
this  tension.  As  stated  in  Chapter  XII,  the  author  would 
provide  rivets  enough  to  take  this  tension  allowing  a 
rivet  to  take  a  tension  equal  to  one-half  of  the  single 
shear  value  of  the  rivet.  As  pointed  out  in  that  chapter, 
the  connection  angles  must  be  thick  enough  to  take 
the  bending  at  the  heel.  However,  if  the  angles  of  the 
member  to  which  this  detail  attaches  are  of  less  thick- 
ness, the  deficiency  must  be  made  up  in  added  length  of 
the  connection  angle.  Besides  the  rivets  needed  for 
tension,  there  should  be  additional  rivets  to  take  the  shear 
represented  by  the  component  b.  For  minimum  number 
of  rivets  in  the  gusset  plate  that  plate  may  be  made 
thick  enough  to  give  about  equal  value  of  a  rivet  in 
flouble  shear  and  in  bearing  on  the  plate.  For  ^4 -in. 
nvets  at  the  commonly  used  ratio  of  shear  to  bearing, 
namely  1:2,  this  would  be   %   Inches. 

The   detail    In   Fig.    11    introduces   the   same   problem 
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of  tension  on  rivets.  Its  solution  Is  In  all  respects  the 
same.  The  thickness  of  plate  will  be  determined  by  the 
bearing   required   on   the   pin. 

Fig.  12  shows  a  detail  that  should  be  avoided  where 
possible.  The  eccentric  connection  of  this  brace  gives 
excessive  pull  on  the  rivets  near  the  lower  end  of  con- 
nection angles  and  a  large  twisting  moment  on  the  rivets 
in  the  gusset  plate. 

Fig.  13  shows  the  detail  where  struts  and  diagonal 
rods  connect  to  the  bottom  chord  of  a  roof  truss.  The 
thickness  of  gusset  plate  would  be  determined  by  bear- 
ing on  the  pins.  The  pins  must  be  set  back  far  enough 
from  the  edge  of  plate  to  give  the  necessary  shearing 
area. 

Fig.  14  shows  the  pin  plates  for  bottom  lateral  rods. 
It  is  sometimes  wasteful  to  use  a  gusset  plate  thick 
enough  for  the  full  bearing  on  the  pin  because  of  the 
large  plate  required.  In  such  case  small  bearing  plates 
may  be  used  on  one  or  both  (preferably  both)  sides 
of  the  gusset  to  make  up  the  necessary  thickness  in 
bearing.  If  in  this  case  a  %-in.  gusset  plate  be  used 
and  a  bearing  thickness  of  one  Inch  be  required  the 
added  thickness  could  be  made  up  by  using  two  5/16-ln. 
bearing  plates.  The  stress  on  these  two  5/16-in  plates 
would  be  10/16  of  the  total  stress  on  rod,  as  the  two 
plates  make  up  that  fraction  of  the  thickness.  The  rivets 
used  must  be  capable  of  taking  this  stress  in  bearing 
on  the  %-ln.  gusset  plate. 

Fig.  15  shows  a  detail  of  a  partially  riveted  truss. 
The  diagonal  bars  connect  to  the  gusset  plates  rather 
than  to  a  pin  at  the  intersection  with  chords.  In  this 
case  the  gusset  plates  may  be  reinforced  with  additional 
bearing  plates  to  make  up  the  necessary  thickness  at 
the  pins.  It  is  not  important  that  these  bearing  plates 
be  on  both  sides  of  a  gusset,  as  the  symmetry  is  sup- 
plied by  the  two  sides  of  the  truss. 

To  save  in  the  size  of  gusset  plate  it  is  often  desir- 
able to  use  lug  angles,  as  indicated  in  Fig.  16,  connecting 
to  the  outstanding  flange  of  the  angle  of  the  member. 
This  detail  should  be  used  only  to  supplement  the  direct 
connection  to  the  angle  itself.  There  should  In  general 
be  less  rivets  in  the  lug  than  there  are  connecting 
the  member  itself  to  the  gusset.  It  should  be  observed 
also  that  there  must  be  as  many  rivets  in  the  lug  con- 
necting to  the  main  member  as  there  are  connecting 
to  the  gusset.  The  detail  here  shown  Is  used  both  for 
tension  and   compression   members. 

It  is  important  that  the  flrst  rivet  connecting  the 
lug  to  the  main  angle  be  not  near  the  same  cross  section 
of  the  main  angle  as  the  flrst  rivet  connecting  to  the 
gusset  plate.  The  weak  section  of  the  main  angle  of 
a  tension  member  is  apt  to  be  a  zig-zag  line  through 
the  flrst  connecting  rivets. 

In  Engineering  News,  July  5,  1906,  and  Aug.  22,  1907, 
will  be  found  the  results  of  some  tests  made  by  Prof. 
F.  C.  McKlbben  on  riveted  connections  such  as  those 
InFIg.  17,  as  well  as  connections  without  the  lugs.  These 
tests  show  ultimate  strengths  about  SQ  to  90  per  cent, 
of  the  steel  as  shown  by  specimen  tests,  measured  on 
the  net  section  of  the  angles.  The  connections  with 
lugs  usually  show  a  little  more  strength  than  those 
with  only  one  leg  of  the  angle  connected. 

In  the  end  connection  shown  in  Fig,  17  the  thickness 
of  pin  plate  will  be  determined   by   bearing  on  the  pin, 
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as  described  above  in  the  case  of  wing  plates.  The  area 
beside  the  pin,  that  is,  4  a  t  should  be  50  per  cent, 
greater  than  the  net  area  required  for  the  member  it- 
self. The  area  beyond  the  pin,  th9,t  is  2  b  t,  should  be 
equal  to  the  net  area  required  in  the  member.  Some 
speciflcatibns  require  only  25  per  cent,  excess  area  be- 
side the  pin,  and  yet  it  is  common  knowledgre  that  eye- 
bars  need  about  33  per  cent.  It  is  further  true  that  the 
steel  of  which  pin  plates  are  made,  being  usually  sheared 
and  not  planed  is  not  as  reliable  as  eye-bar  steel.  The 
safer  limit  of  50  per  cent,  excess  should  be  adhered  to. 
In  a  detail  such  as  Fig.  17,  when  the  distance  D  is  long, 
the  plate  is  sometimes  sheared  away  to  the  extent  that 
it  becomes  necessary  to  try  the  section  X  X  for  net  area. 
This  need  only  be  equal  to  the  net  area  required  for  the 
body    of   the   member. 


Fig.  17. 
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Fig.  18  shows  a  detail  where  the  channels  of  a  mem- 
ber extend  beyond  the  pin.  The  thickness  of  the  bearing 
plate  must  not  be  less  than  sufTicient  to  make  up,  with 
the  web  of  channel,  the  total  bearing  area  required  on 
the  pin.  The  thickness  of  this  plate  is,  however,  often 
determined  by  the  net  area  required  beside  the  pin  or 
the  shearing  area  in  front  of  the  pin.  If  the  flanges 
of  the  channels  are  cut  away,  this  must  be  taken  into 
account  in  figuring  the  net  area  beside  the  pin.  The 
latter,  as  In  the  previous  cases,  should  be  50  per  cent, 
greater  than  the  net  area  required  in  the  member,  and 
the  area  from  pin  to  cMd  of  member,  along  the  axis, 
should  equal  that  required  in  the  member.  For  the  rivets 
in  the  bearing  or  reinforcing  plate  three  ratios  should 
be  determined:  first,  the  ratio  of  the  net  area  of  the 
bearing  plate  to  the  total  net  area  through  the  pin 
hole;  second,  the  ratio  of  the  area  of  the  plate  along  the 
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axis  of  member,  beyond  the  pin,  to  the  total  area  In  this 
section;  third,  the  ratio  of  thickness  of  plate  bearing: 
on  the  pin  to  the  total  thickness  of  bearing  parts.  The 
greatest  of  these  ratios  is  to  be  used.  This  fraction 
of  the  total  stress  in  the  member  comes  on  the  plate, 
and  rivets  enougrh  should  be  provided  to  the  right  of 
the  pin  for  this  stress.  The  reason  only  the  rivets  to 
the  right  of  pin  should  be  counted  is  because  the  portion 
of  stress  should  be  already  imparted  to  the  pin  plate 
at  the  section  through  pin.  Rivets  beyond  this  section 
are  needed  only  to  pinch  the  plates  together.  If  there 
are  several  reinforcing  plates  on  each  channel,  the  part 
of  the  stress  taken  by  each  is  to  be  determined  by  the 
three  ratios  given  above.  The  determination  of  the 
number  of  rivets  required  for  several  overlapping  plates 
will  be  taken  up  more  fully  in  Chapter  XIV. 

It  is  important  that  there  be  rivets  near  the  pin  in 
such  a  detail  as  Fig.  18,  as  the  plate  or  web  is  liable 
to  spring  under  the  boring  tool,  allowing  the  burr  to 
work  in  between. 

Fig.  19  shows  a  detail  where  the  apparent  net  section 
through  the  pin  hole  includes  the  net  section  of  the  an- 
gles. It  would  not  be  correct  to  include  the  full  section 
of  the  angles,  unless  there  are  enough  rivets  in  each 
angle  from  the  pin  hole  to  end  to  take  its  portion  of 
the  stress.  In  this  case  all  of  the  stress  in  an  angle  at 
a  section  through  the  pin  hole  must  be  imparted  to  it 
through  four  rivets.  It  is  a  common  error  to  neglect 
this  point  and  count  upon  net  area  beside  the  pin  in 
an  angle  that  has  no  adequate  provision  for  receiving 
its  share  of  the  stress.  In  this  case  there  should  be 
an  additional  plate  over  the  present  pin-plate  and  the 
angles,  so  that  the  rivets  in  the  angles  will  be  in  double 
shear  and  will  receive   stress  direct  from  the  pin-nlate. 
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CHAPTER  XIV. 
End  Connections  of  Compression  Members. 

The  simplest  style  of  end  connection  in  compression 
members  Is  that  in  which  the  full  section  is  cut  and 
planed  normal  to  the  stress,  bearingr  on  some  other  flat 
surface.  Such  ah  end  detail  needs,  in  general,  some  sort 
of  side  connection  to  hold  the  member  in  place.  A  speci- 
men of  this  sort  of  end  connection  is  a  column  restingr 
on  a  base  plate.  It  is  usual  to  mill  the  end  of  a  column 
to  a  true  plane  normal  to  the  axis  of  the  column 
and  to  use  lugr  angrles  and  side  plates  in  addition.  Some- 
times only  lug  angles  are  needed  or  used.  If  the  column 
bears  directly  on  a  cast  shoe,  this  may  be  the  case.  Side 
plates  are  needed  when  the  base  plate  Is  rolled  steel, 
to  spread  the  load  over  that  plate. 

Figrs.  1  to  S  show  typical  column  bases  and  illus- 
trate how  the  load  of  the  column  may  be  distributed 
over  the  base  plate.  The  reason  for  this  distribution 
of  the  load  is  to  prevent  the  plate  from  buckling:  due 
to  the  reaction  beneath  it.  Figr.  6  shows  also  a  con- 
nection desigrned  to  take  bendingr  at  the  foot  of  the 
column.  The  bent  plate  receives  the  anchor  bolt  and  car- 
ries its  tension  directly  into  the  channel  of  the  column. 
In  Fig.  7  the  bottom  angrles  receive  four  anchor  bolts. 
These  may  also  be  desigrned  to  take  the  pull  of  the 
anchor  bolts.  Thick  angrles  are  required  in  that  event, 
to  resist  the  bendingr  at  the  heel.  Figr.  8  shows  an  extra 
heavy  anchoragre  detail.  This  could  be  used  on  a  heavy 
crane  column  to  take  up  the  sway  due  to  stopping:  and 
starting  of  the  crane,  or  in  a  building  in  which  the 
columns  must  resist  the  wind  loads. 

When  the  columns  rest  on  masonry,  a  uniform 
upward  force  is  assumed  to  be  exerted  by  the  masonry. 
The  gusset  plates  and  the  angles  used  to  spread  the 
load  should  have  rivets  enough  to  take  all  of  this  up- 
ward pressure  coming  outside  of  the  outlines  of  the 
column   shaft. 

The  base  of  a  post  or  column  is  designed  with  regard 
to  the  distribution  of  the  load  of  the  column  on  the 
supporting  stone  or  other  material  in  the  foundation. 
The  area  of  a  base  plate  resting  upon  stone  or  brick 
must  be  such  that  the  pressure  per  square  inch  will  not 
exceed  certain  allowed  limits  (in  the  neighborhood  of 
200  lbs.  for  brick  and  300  lbs.  for  stone).  The  thickness 
of  plate  should  be  such  as  to  be  stiff  enough  to  distribute 
the  pressure.  (See  bearing  plates  for  beams  in  Chapter 
IV.) 

Exterior  columns  should  have  their  bases  drained. 
if  a  pocket  occurs  at  the  base,  or  else  the  pocket  should 
be  filled  with  concrete.  The  draining  may  be  effected 
by  punching  a  few  half  holes  at  the  lower  edge  of  the 
channel   web   or   by   other   similar  means. 

Office  building  columns  usually  rest  on  cast  iron  or  cast 
steel  bases  and  are  bolted  to  the  same.  The  bases  are 
planed  on  the  top  and  rough  on  the  bottom.  They  are 
carefully   leveled   and   brouebt   to   the   correct   elevation 
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feners  should  have  their  metal  directly  under  the  metal 
of  the  column,  so  that  the  flange  or  cover  plates  will 
not  be  over- stressed  to  distribute  the  load  from  column 
to   stiaener.     The   atlfteners   should   have   rivets   enough 


in  the  web  or  webs  of  the  rlrder  to  take  the  fUll  Ic 

of  the  column.  The  same  princlplei  of  deti^  hoM  tru^ 
for  a  srirder  restins:  on  top  of  a  column.  If  the  end 
BtifTener  angrlee  of  a  tfirder  are  over  the  center  of  tlie 
column  cap  plate  and  the  column  is  composed  of  tvtro 
channels  separated*  the  section  of  column  does  not  come 
under  the  part  of  the  grirder  that  gives  it  the  loa^l. 
namely,  the  end  stiffeneia.  The  base  plate  and  flange 
anffles  are  then  over-stressed  in  bendins.  and  the  de- 
tail is  weak  and  uneconomical  if  not  positively  danger- 
ous. The  stilfeners  under  or  above  a  column  should 
in  no  case  be  crimped.  Too  much  cannot  be  said  against 
the  common  but  pernicious  practice  of  using  crimped 
stilfeners  where  loads  are  to  taken.  The  stif- 
feners  should  be  milled  or  ground  on  the  ends 
and  have  a  close  and  neat  fit  against  the  flange  ansrles. 
StifTeners  between  the  flanges  of  rolled  I-beams  or  chan- 
nels should  not  be  depended  upon  to  do  more  than  stiffen 
the  webs.  They  should  not  be  counted  upon  to  take 
any  load.  The  slope  of  the  flange  tends  to  make  them 
slide  out  and  also  makes  It  very  difficult  to  get  a  close 
fit  in  the  shop. 

The  principles  heretofore  given  for  riveted  connec- 
tions, such  as  a  simple  connection  to  a  gusset  plate, 
apply  to  compression  as  well  as  tension  members.  The 
rivets  should  be  arranged  symmetrically  about  the  axis 
of  the  members  or  else  additional  rivets  used  to  over- 
come any  eccentric  stress.  Usually  the  rivet  line  on  an 
angle  taking  one  row  of  rivets,  or  the  inner  rivet  line, 
where  two  rows  are  used,  is  close  enough  to  the  neu- 
tral axis  to  require  no  extra  rivets  and  to  need  no  cal- 
culation for  eccentricity.  These  rivet  lines  are  gener- 
ally considered  as  the  axes  of  the  members  In  light 
truss  work,  and  they  are  made  to  intersect  in  common 
points. 

Eccentricity  in  riveted  connections  should  be  avoided 
in  the  ends  of  compression  members,  as  elsewhere. 

The  use  of  lug  angles  on  the  outstanding  flange  o^ 
angles  in  compression  members  is  resorted  to,  in  order 
to  make  the  gusset  plates  more  compact,  as  in  the 
case  of  tension  members,   as  described   heretofore. 

Sometimes  vertical  posts  in  light  truss  spans  are 
made  with  dependence  upon  an  end  bearing  against 
the  bottom  flange  of  the  top  chord  channels  as  in  Fig*. 
10,  and  it  is  not  unusual  to  find  such  details  where  there 
is  an  open  joint  that  has  evidently  been  made  with  the 
intention  of  having  a  bearing,  and  where  the  riveted 
detail  is  quite  inadequate.  A  close  flt  is  difficult  to 
obtain  and  the  unstifTened  flange  of  the  chord  is  not 
suitable  for  receiving  the  compression  of  the  post. 

Fig.  11  shows  a  still  more  faulty  detail.  Not  only  Is 
the  beveled  end  of  the  inclined  post  apt  to  be  a  poor 
fit  on  the  channel  flanges,  but  the  stress  would  not  be 
taken  care  of  in  any  event,  because  the  end  is  beveled 
and  not  at  right  angles  to  the  direction  of  stress. 

Figs.  12  and  13  illustrate  common  examples  of  riveted 
end  connections,  which  show  the  lengths  to  which  con- 
fidence in  the  strength  of  steel  work  sometimes  goes. 
In  these  cases  there  are  not  enough  rivets  to  take  the 
chord  stresses  into  the  gusset  plate,  but  dependence  is 
placed  upon  the  abutting  ends  of  the  chord  angles  to 
carry  the  compression.  If  in  Fig.  12  the  chord  were 
straight  and  rot  broken,  this  detail  would  be  bad  enough. 
It  is  very  difTlcuU   to  get  a  milled  joint  and   rivets   to 
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act  in  conjunction*  and  it  would  not  be  well  at  a  Joint 
such  as  this  to  use  only  a  few  rivets  and  depend  entirely 
upon  the  milled  Joint,  as  in  the  case  of  a  heavy  chord 
splice.  When  the  chord  is  broken,  the  forces  a  and  h 
have  a  component  c  which  tends  to  bend  the  angles  out 
and  put  excessive  stress  on  the  rivets  d  and  e.  The 
outstandingr  flanges  of  angles  would  take  practically 
no   stress,  as  the  force  e  would  bend  them  out. 

The  detail  in  Fig.  13,  while  it  appears  to  be  an 
improvement  on  Fig.  12,  is  scarcely  any  better.  The 
bent  plate  cannot  take  much  compression,  as  the  force 
c  would  push  out  the  knuckle. 

A  connection  on  the  lines  of  Figs.  12  and  13  should 
have  a  thick  gusset  plate,  so  as  to  take  tivets  for  the 
full  stress  without  being  too  large  in  extent,  and  so 
as  to  have  the  necessary  area  in  compression  to  take 
the  stress.  If  the  area  of  th^  gusset  plate  between  the 
angles  is  insufficient  to  carry  the  chord  comprei^sion, 
reinforcement  can  be  effected  by  plates  as  shown  in 
Fig.  14.  The  rivets  in  these  plates  are  in  bearing  on 
twice  the  thickness  of  the  metal  of  the  chord  Angles, 
which  would  probably  be  more  than  double  shear  as 
in  Figs.   12  and  13. 

It  is  still  more  difTicult  to  get  a  good  detafl  in  heavy 
chords  such  as  shown  in  Fil:.  15,  oh  account  of  the 
stress  being  near  the  edge  oi  the  gusset  plate  and  on 
account  of  the  impracticability  of  splicing  the  cover 
plate.  Dependence  should  not  be  placed  upon  close  con- 
tact of  the  beveled  ends  where  there  are  .many  rivets, 
because  the  drifting  of  the  holes  preparatory  to  driving 
the  rivets  may  drive  the  Joint  apart.  It  is  also  true 
that  it  is  very  difficult  to  get  a  good  fit  betwfeen  two 
beveled  ends,  especially  is  this  the  case  where  any  parts 
are  riveted  on  after  the  milling  is  done,  as  is  necessary 
here.  The  ends  should,  however,  be  milled  for  neat 
appearance;  aliio  the  small  cover  plate  should  be  riveted 
on  for  neatness.  Additional  inside  plates  may  be  used 
to  reinforce  the  gusset  plate  to  take  the  chord  stress, 
as  shown;  or,  if  the  Joint  has  only  one  gusset  plate, 
outside  plates  may  be  added,  as  in  Fig.  14,  making  all 
of  the  holes  in  the  same  open  for  fleld  driving  in  the 
case  of  fleld  riveting  of  this  hip  Joint.  The  chord  and 
end  post  should  each  have  rivets  enough  in  the  gusset 
plate  to  take  their  full  stress. 

Fig.  16  shows  an  end  connection  for  a  pin-ended 
compression  member.  This  is  called  a  forked  end  and 
is  not  allowed  in  some  speciflciltions  except  where  un- 
avoidable. It  is  difFicult  to  make  such  a  detail  of  equal 
strength  with  the  member  without  making  it  very  heavy. 
The  thickness  of  plate  to  use  must  not  be  less  than  that 
required  by  the  bearing  on  the  pin.  Thus  if  18,000  lbs. 
per  sq.  in.  be  allowed  in  bearing  on  the  pln  and  the 
pin  is  3  in.  in  diameter,  the  stress  being  40,000  lbs.,  there 
would  be  an  allowed  stress  per  lineal  inch  on  the  pin 
of  3x18,000  =  54,000  lbs.  Dividing  this  into  40,000  gives 
.74  lineal  inches  required.  Two  %-in.  plates  would  be 
sufFicient  for  the  bearing.  The  sectional  area  of  these 
plates,  that  is,  the  area  of  the  section  cut  at  the  last 
rivets  of  the  member,  or  xx,  should  be  not  less  than 
that  of  the  member.  Thus,  if  the  member  contains  7 
sq.  in.  of  sectional  area,  and  these  plates  are  8  in.  wide 
at  XX,  the  area  of  the  plates  is  but  6  in.  On  this 
account  then  the  plates  must  be  7/16  in.  The  distance 
a  should  be  not  more  than  sixteen  times  the  thickness 
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Fig. 18. 


Fig.17 


Tig.  19. 


of  the  pin  plates;  hence,  if  this  distance  is  more  than 
7  inches  the  plates  must  be  still  thicker.  Usually  the 
distance  h  is  made  not  less  than  2^  in.,  if  the  member 
talces  only  compression  and  no  tension.  Of  course,  the 
rivets  in  the  pin  plates  must  be  capable  of  takingr  a\l 
of  the  stress  in  the  member.  The  tie  plates  should 
be  brouerht  as  close  to  the  end  of,  member  qm  possible. 

In  a  member  composed  of  two  channels  latticed,  where 
the  pin  passes  through  the  webs  of  channela,  usually 
these  webs  are  not  thick  enougrh  to  take  the  bearinsr 
on  the  pin  without  reinforcement.  This  reinforcement 
is  effected  by  use  of  plates  inside  or  outside  of  the 
channel  that  carry  a  portion  of  the  bearingr.  They  are 
called  bearinsT  plates  or  pin  plates.  Wig.  17  shows  the 
end  of  such  member  reinforced  with  outside  plates. 
Assume  a  stress  of  100,000  lbs.  on  a  member  composed 
of  two  12-in.  channels  25  lbs.  per  ft,  the  pin  beinfir 
4  in.  in  diameter.  At  18.000  lbs.  per  sq.  in.  the  pin  will 
take  72,000  lbs.  per  lineal  inch  of  bearingr.  The  stress 
then  requires  1.4  Hn.  in.  The  channel. web  is  .89  inches, 
leavinfiT  .62  in.  in  bearingr  plates '  required.  Two  6/16-in. 
plates  will  then  suffice.  As  these  plates  constitute 
62/140  of  the  bearing  area  on  the  pin.  they  will  .'carry 
that  fraction  of  the.  stress  or  44,300  lbs.  The  rivets 
required  to  take  this  stress,  at  7,500  lbs.  per  sq.  in.  shear, 
or  3,310  per  %-in.  rivet,  would  be  14.  There  are  16 
rivets  in  the  plates,  to  the  rigrht  of  the  pin,  and,  if  none 
of  these  are  countersunk,  the  detail  is  correct.  The 
rivets  to  the  left  of  pin  should  not  be  counted,  as  the 
portion  of  the  member  beyohd  the  pin  is  idle. 

Sometimes  the  flansres  of  the  channels  of  a  member 
are  cut  away  to  clear  some  other  membei^  on  the  same 
pin.  In  such  cases  the  section  of  the  member  must 
be  made  up  by  reinforcing  plates.  The  pin  plates  may 
act  as  the  reinforcing:  plates:  they  should  run  back 
six   incheiB  or   more  beyond  the  cut. 

Fig,  18  shows  the  end  detail  of  a  built  member  where 
there  are  inside  and  outside  pin  plates  used.  In  this 
member  assume  a  section  of  2  plates  15x%  and  4  angrles 
3x3x%;  area=  19.69;  stress  157.000  lbs.;  bearingr  unit  on 
pin  18,000;  bearing  on  rivets  15,000  lbs.  per  sq.  in.;  shear 
on  rivets  7,500.  This  stress  is  about  8,000  lbs.  per  sq. 
in.  of  main  member.  Assume  a  4-in.  pin.  Allowed  pres*^ 
sure  on  pin  per  lineal  inch  =  72,000  lbs.  Lin.  in.  reqd.=£ 
157.000 -t- 72.000= 2.20.  This  can  be  made  up  of  the  webs, 
two  7/16-in.  inside  plates,  and  two  5/16-in.  outside 
plates.  The  outside  bearing:  plates  have,  a  thickness 
5/18  of  the  total  and  the  inside  7/18,  hence  their  re- 
spective shares  of  the  bearing:  are  43,600  lbs.  and  61,100 
lbs.  The  webs  takes  the  other  52.300  lbs.  To  take  the 
43,600  lbs.  on  the  outside  bearing:  plates  at  3,310  for  each 
%-in.  rivet  requires  13  rivets.  There  are  16  used.  The 
Inside  plates  require  19  rivets.  There  are  42  used,  but 
this  excess  is  for  a  purpose  that  will  be  shown  later. 
The  rivets  In  the  outside  plate  were  counted  in  single 
shear,  ^nd  those  In  the  inside  plate  were  also  counted  in 
fiingrle  dhear.  Some  of  them  have  then  been  counted  in 
double  shear,  and  it  will  be  necessary  to  make  another 
count,  as  bearing:  on  the  %-ln.  web  is  not  equal  to  double 
shear.  It  is  seen  by  the  flgrure  that  there  are  16  rivets 
in  bearing:  on  the  web,  namely,  those  passing:  throug:h 
both  inside  and  outside  plates,  and  26  in  single  shear. 
Sixteen  rivets  at  4,220  plus  26  at  3.310  =  153.580.  This 
is    the   total   value   of   the   rivets   in   the   bearing   plates. 
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The  total  stress  borne  by  these  plates  is  4S,60(H-«1.1<>®= 
194,700  lbs.  It  Is  seen,  therefoie,  inat  tbere  are  more 
rivets  than  necessary  in  the  bearing  plates  on  this 
count  also.  Besides  acting:  as  bearing  plates  the  pin 
plates  must  also  act  to  distribute  the  stress  of  the 
member  into  the  various  parts.  Between  at  and  m  there 
should  be  rivets  enough  to  put  the  stress  of  the  angle 
into  the  same.  One  angle  has  an  area  of  2.11  sq.  in.  At 
8,000  lbs.  per  sq.  in.  its  stress  is  16,S80  lbs.  At  3.310 
per  rivet  there  are  required  five  rivets  in  each  angle 
up  to  the  end  of  the  bearing  plate.  This  governs  the 
lehgth   of    the   inside   bearing   plate. 

Fig.  19  shows  the  end  detail  of  a  top  chord  member 
at  the  hip  joint.  In  this  case  there  are  three  inside 
pin  plates.  The  one  extending  beyond  the  pin  is  called 
a  jaw  plate.  On  the  end  post  coming  to  the  same  point 
the  jaw  plates  would  be  on  the  outside.  Jaw  plates 
are  sometimes  thin  plates  added  over  and  above  the 
requirements  for  bearing,  in  which  case  they  need  not 
have  their  full  number  of  rivets.  It  will  be  assumed 
in  this  case  that  each  plate  takes  its  share  of  th6  bear- 
ing, and  for  simplicity  only  the  half  of  the  member 
shown  will  be  considered.  The  stress  taken  by  each 
bearing  plate  is  found  in  the  same  way  as  in  the  previ- 
ous case,  namely:  find  the  total  thickness  of  bearing 
area  in  sixteenths,  then  the  thickness  of  any  plate 
(sixteenths)  divided  by  the  total  will  give  the  fraction 
of  the  total  stress  taken  by  that  plate.  The  inner  bear- 
ing plate  has  in  this  case  the  value  of  12  rivets  in 
single  shear,  omitting  the  countersunk  rivet.  The  22 
rivets  in  the  second  plate  must  carry  the  stress  of  both 
the  flrst  and  the  second  plates,  and  likewise  the  32 
rivets  in  the  third  plate  must  carry  the  stress  of  all 
three.  The  9  rivets  in  single  shear  represent  the  strength 
of  the  outside  plate;  and  a  second  count  must  be  made 
to  see  if  these  9,  now  in  bearing  on  the  web  plate,  and 
the  23  in  slngrle  shear  are  capable  of  taking  the  stress 
of  all  the  pin  plates.  Also  the  8  rivets  from  m  to  n 
must  carry  the  portion  of  the  stress  taken  by  one  top 
angle  and  half  of  the  cover  plate.  If  more  rivets  are 
needed  for  this  purpose,  the  pin  plate  should  be  ex- 
tended. With  the-  cover  plate  and  top  angles  taken 
care  of  in  this  respect  the  bottom  angles  need  scarcely 
be  tried,  as  their  area  will  be  less.  It  is  good  practice, 
however,  to  run  at  least  one  pin  plate  beyond  the  edgre 
of  the  tie  plate  a  distance  of  at  least  six  inches.  The 
tie  plate  should  be  as  close  to  the  end  of  member  as 
practicable.  Observe  that  there  is  an  eighth  of  an  inch 
clearance  between  the  pin  center  line  and  the  line  on 
which  plates  and  angles  are  cut. 

There  is  a  practice  which  has  become  more  or  less 
common,  and  which  should  not  be  allowed  in  good  de- 
signs, namely,  the  use  of  milled  joints  where  top  chords 
are  in  broken  lines,  depending  upon  the  stress  being 
carried  through  the  surfaces  in  contact  and  not  through 
the  pin  plates.  It  is  undoubtedly  cheaper  construction 
and  simplifies  packing  of  the  pin.  Further,  it  would 
scarcely  be  a  prime  cause  of  failure,  in  case  of  poor 
Workmanship,  in  a  bridge  which  is  well  proportioned 
in  all  other  respects;  as  any  crushing  of  the  metal  In 
one  part  of  the  section  will  bring  metal  of  the  other 
parts  to  bear.  This  is  about  all  that  can  be  said  In 
defense  of  this  kind  of  construction,  and  is  a  very  weak 
defense.    If  this  kind  of  reasoning  were  applied  to  other 
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details*  short  columns  could  be  made  with  stresses  just 
within  the  elastic  limit,  and  the  bearing:  on  pins  could 
be  nearly  doubled.  There  are  practical  limitations  to 
the  work  that  can  be  done  in  a  bridge  shop,  and  these 
should  be  borne  in  mind  in  desigrninfir  and  detailinfir. 
It  is  difficult  for  the  best  equipped  shops  to  cut  off 
such  pieces  to  the  exact  bevel  required  and  bore  exactly 
half  a  pin  hole,  at  the  same  time  preserving  th^  correct 
length  center  to  center  of  pins,  in  fact,  it  is  difficult 
with  plain  straight  building  columns  to  have  them  milled 
square  enough  so  that  when  placed  one  upon  the  other 
they  will  stand  vertical.  The  plumbing  up  of  the  col- 
umn often  leaves  the  corners  lacking  a  sixteenth  to 
an  eighth   of  an  inch   of  being  in  contact 

The  means  which  a  shop  inspector  has  at  hand  for 
measuring  the  bevel  of  the  cut  will  not  enable  him  to 
determine  with  accuracy  whether  the  surfaces  will  fit 
when  brought  together  in  the  bridge;  and  even  if  the 
adjacent  chord  sections  are  assembled  for  boring  (some- 
thing but  few  shops  have  facilities  or  room  for  doing) 
the  proper  angle  may  not  be  secured.  In  order  to  fulfill 
the  requirements  the  entire  milled  section  should  be  in 
contact  as  well  as  the  semi-intrados  of  the  pin  hole. 
The  milled  end  of  a  section  does  not  get  the  same  finish 
that  a  bored  hole  receives;  the  former  often  resembles 
a  coarse  file,  while  the  latter  is  more  like  a  polished 
surface.  It  is  unreasonable  to  expect  the  same  degree 
of  contact  with  such  dissimilar  surfaces.  Cases  could 
be  cited  of  joints  designed  in  this  way  where  one  or 
more  of  the  corners  are  far  from  being  in  contact  and 
others  where  the  parts  of  the  web  below  the  pin  do  not 
come  opposite  each  other  in  the  two  members.  Apart 
from  the  practical  difficulties  in  the  way  of  securing 
a  tight  fit,  there  are  theoretical  objections  to  this  detail. 
Assuming  a  perfect  fit  it.  is  seen  that  the  stresses  in  the 
cover  plates,  represented  by  a.  Fig.  20,  will  have  com- 
ponents b  tending  to  turn  the  edges  of  the  plates  out 
and  throw  the  stress  on  the  other  parts  of  the  section. 
The  same  will  apply  to  the  out-standing  legs  of  angles. 
An  improvement  on  this  detail  would  be  one  where 
bearing  plates  are  added  with  section  equivalent  to  the 
cover  plate  and  the  out-standing  legs  of  angles;  but 
nothing  short  of  a  full  pin  bearing  with  an  open  Joint, 
or  a  supplementary  riveted  splice  through  the  webs, 
will  give  results  with  any  degree  of  certainty. 

The  end  of  a  tension  or  compression  member  should 
of  course  be  designed  for  the  full  stress,  but'  it  is  to 
be  observed  that  sometimes  the  stress  on  the  end  con- 
nection is  more  or  less  than  that  shown  on  the  stress 
sheet  for  the  member.  For  example,  the  posts  of  a 
through  truss  may  have  the  floorbeams  riveted  to  them 
above  the  pin.  This  will  add  compression  on  the  pin 
at  the  lower  end,  in  amount  equal  to  the  floorbeam 
reaction.  A  hanger  may  have  all  of  its  stress  given  by 
the  floorbeam  and  no  stress  In  the  bottom  pin.  A  post 
In  a  deck  span  may  have  the  floorbeam  attached  below 
the  top  pin;  this  may  result  in  less  compression,  or 
even  tension,  at  the   top  pin. 
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CHAPTER  XV. 


Splices. 

Splices  in  tension  members  must  be  made  of  splicing 
pieces  that  have  a  net  area  equ^l  to  tlje  net  area  of  the 
member  s|)Iiced,  and  they  must  have  rivets  enougrh  on 
each  side  of  the  cut  to  take  the  tuli  tensile  stress  in 
the  member;  also  they  must  be  so  desigjied  that  a  good 
distribution  of  the  stress  into  the  splicing  pieces  and 
back  into  the  member  is  effected;  further,  if  symmetry 
of  splice  is  not  practicable,  eccentricity ,  of  stress  must 
be   taken   care   of. 
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To  accomplish  the  first  requisite  with  maximum 
economy  there  should  not  be  a  line  of  closely  spaced 
rivets  next  to  the  cut.  In  Fig.  1,  by  omitting  one  rivet 
in  the  line  X  X  the  net  area  is  made  greater  by  the 
area  of  that  rivet  hole.  At  section  Y  Y  part  of  the 
stress  is  already  taken  up  by  the  channel,  through  the 
rivets  in  the  line  X  X,  so  that  the  three  rivets  are  per- 
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missible.  As  much  of  the  net  section  of  the  member 
should  be  preserved  as  possible.  At  section  Z  z  it  is 
seen  that  only  one  rivet  comes  out.  It  is  important, 
as  an  economical  measure,  to  observe  this  tapering  of 
the  rivets  in  a  tension  splice.  Besides  allowingr  a  thin- 
ner splice  plate  and  preservinsr  more  of  the  section  of 
the  member  it  results  in  a  lone^er  splice  and  a  better 
distribution   of   the   stress. 

As  to  the  number  of  rivets  required  in  the  splice, 
the  methods  of  determining  these  will  be  according  to 
the  rules  given  heretofore. 

For  good  distribution  of  the  stress  into  the  splicing 
pieces  and  back  into  the  member  it  is  important  that 
the  splice  plate  be  long  enough  to  allow  the  stress  to 
be  distributed  out  into  the  flanges  that  are  not  directly 
spliced.  A  member  having  a  thin  web  and  wide  flanges 
needs  special  care,   if  spliced   in   the   web   only. 

If  it  were  found  necessary  to  splice  the  member 
shown  in  Fig.  2  without  cover  plates  over  the  out- 
standing  legs  of  angles,  there  would  be  danger  of  mak- 
ing the  splice  plates  too  short  to  distribute  the  stress 
into  these  outstanding  flanges.  In  the  case  given  there 
are  eighteen  rivets,  eight  of  which  are  in  the  flange 
angles.  If  the  angles  in  this  case  are  6x3 Hx%  and  the 
web  14x5/16,  about  three-fourths  of  the  area  is  in  the 
angles,  but  at  the  end  of  the  splice  plates  only  8/18 
of  the  stress  is  imparted  to  the  angles  by  rivets  in  the 
splice  plate.  This  extreme  example  is  given  to  em- 
phasize this  principle  and  not  as  an  example  to  be 
followed.  It  would  be  manifestly  better  to  use  splicing 
pieces  on  all  sides,  but  if  this  is  not  practicable,  the 
splice  must  be  long  enough  to  get  %  of  the  required 
number  of  rivets  in  the  angles  themselves.  The  prin- 
ciple holds  good  for  splices  where  there  are  splicing 
pieces  on  all  sides.  There  should  be  rivets  in  the  various 
component  parts  of  the  section  to  take  the  respective 
portions  of  the  total  stress,  so  that  no  part  of  the  sec- 
tion will  be  compelled  to  distribute  stress  into  other 
parts  besides  carrying  its  own  portion  of  the  stress. 

To  avoid  eccentric  stress  groups  of  rivets  should  be 
symmetrical  with  the  axis  of  the  splicing  piece,  and  the 
various  splicing  pieces  should  be  symmetrically  dis- 
posed, wherever  it  is  possible  to  do  so.  A  single  bar 
should  have  a  splice  bar  on  each  side.  A  single  angle 
may  have  a  flat  on  each  flange,  either  inside  or  outside. 
It  is  better,  however,  to  use  another  angle  to  splice  a 
single  angle.  This  may  have  the  heel  ground  or  planed 
off  to  fit  the  fillet  of  the  spliced  angles,  if  it  is  placed 
inside;  or  it  may  have  its  own  fillet  cut  away,  If  It  is 
to  be  used  as  a  cover  for  the  spliced  angles.  Usually 
a  splice  angle  must  be  cut  down  from  a  larger  size, 
86  as  not  to  project  beyond  the  spliced  angles.  Thus, 
a  6x6x%  angle  may  be  spliced  by  a  5%x5^x9/16  angle, 
planed  down  from  a  6x6  angle. 

The  bottom  chords  of  many  riveted  trusses  are  spliced 
at  the  panel  points.  Sometimes  only  the  gusset  plate 
is  depended  upon  to  effect  this  splice.  This  is  ex- 
tremely bad  practice.  The  concentration  of  the  tension 
on  the  edge  of  the  plate  tends  to  tear  it. 

Figs.  3,  4,  and  5  illustrate  splices  at  panel  points. 
In  Fig.  3  there  should  be  a  bottom  cover  plate  on  the 
angles.  This  need  not  be  proportioned  for  the  full 
tension  but  can  act  in  conjunction  with  the  gusset  and 
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will  serve  to  balance  the  eonneotlon. 

Flff.  4  shows  an  exceptionally  bad  detail.  The  bent 
plate  is  practically  useless  as  a  splice,  as  it  woulq 
stralfiThten  out  under  stress.  The  re-entrant  an#le  in 
the  gusset  plate  makes  it  more  liable  to  tear  under 
stress  than  a  straight  plate.  The  gusset  plate  should 
be  made  straight  on  the  lower  edge  and  not  with  the 
re-entrant  cut.  The  useless  bent  plate  could  be  left 
out  and  the  gusset  plate  made  thick  enough  and  large 
enough  to  take  the  chord  stress.  The  full  width  of  gus- 
set plate  cannot  be  counted  upon  to  take  the  chord  stress, 
but  it  is  rational  to  include  equal  widths  on  each  side 
of  the  rivet  line. 

Fig.  6  shows  a  bottom  chord  splice  at  panel  point 
on  a  138  ft.  highway  span.  In  this  detail,  to  avoid  ec- 
centric stress  on  the  gusset  plate  outside  splice  plates 
were  added  as  well  as  a  plate  between  the  angles.  It 
would  be  legitimate  to  use  a  portion  of  the  gusset  plate, 
say  the  part  covered  by  the  angles,  and  to  add  splice 
plates  to  make  up  the  deficiency.  It  would  be  well 
to  check  this  by  calculating  the  eccentric  Jnoment  on 
the  gusset  plate  produced  by  the  portion  of  the  stressr 
designed  to  be  carried  by  it  and  to  nnd  the  extreme 
fibre  stress  produced  thereby.  As  an  a^f>roximate  check 
it  may  be  noted  that  when  the  gusset  plate  is  three  or 
more  times  the  depth  of  member  the  extreme  fibre 
stress  produced  by  eccentric  stress  added  to  the  direct 
s^tress  will  not  exceed  the  direct  unit  Stress  found  by 
counting  the  width  of  gusset  plate  equal  to  depth  of 
member  in  direct  stress.  When  the  gusset  platfe  is  less 
than  three  times  the  depth  of  member,  the  unit  stress 
on  the  edge  would  exceed  the  unit  stress  on  a  bar  the 
depth  of  member.  For  example  assume  a  stress  of 
60,000  lbs.  on  a  ^-in.  gusset  plate  36  in.  wide,  applied 
6  in.  above  the  lower  edge,  to  represent  the  stress  on 
a  member  12  in.  wide.  The  direct  stress  on  the  IS 
sq.  in.  of  plate  is  3,333  lbs.  per  sq.  in.  The  bending 
moment  is  720,000  in.-lb.  The  latter  gives  an  extreme 
fiber  stress  of  6,667  lb.  per  sq.  in.,  which  makes  a  total 
of  Just  10,000,  the  unit  stress  that  would  be  found  on  a 
l>late  12x%  in.  If  the  gusset  plate  were  24x%  in.,  the 
direct  tension  would  be  5,000  lb.  per  sq.  in.  and  the 
stress  from  bending  would  be  7,500,  making  a  total  of 
12,500  lbs.  per  sq.  in.  On  a  48x%  In.  plate  the  unit 
stresses  are  2,500  and  6,625,  making  a  total  extreme 
fiber   stress   of   8,125   lbs.   per   sq.   in. 

An  error  is  sometimes  made  in  splicing  tension  pieces 
such  as  shown  in  Fig.  6.  It  is  reasoned  that  if  there 
are  rivets  enough  between  A  and  B  to  splice  the  cut 
at  B  and  the  same  between  B  and  C,  C  and  D,  etc.,  the 
several  cuts  will  be  efficiently  spliced.  If  in  this  ex- 
ample it  required  two  rivets  in  double  shear  to  splice 
each  bar,  by  the  reasoning  just  given  this  splice  should 
be  correct,  as  there  are  two  rivets  in  double  shear  be- 
tween A  and  B,  B  and  C,  C  and  D,  and  D  and  VL  How- 
ever, this  splice  could  pull  apart  along  the  heavy  zig- 
zag' line  by  shearing  eight  rivets.  The  three  bars  cut 
would  demand  twelve  rivets  in  single  shear,  so  that 
this  splice  .Is  only  two-thirds  as  strong  as  It  should  be. 
The  fallacy  In  the  reasoning  given  at  the  beglnnlnf  of 
this  paragrd,ph  may  be  readily  seen  by  Investigating 
the  direction  of  the  stress  on  the  rivets  between  B  Ana 
C,  for  example.  For  the  splice  at  B  they  would  be  pulled 
In  one  direction,  and  for  the  splice  at  C  they  would  be 
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puUsd  in  the  opposite  dlractlon  or  nantrallaed.  l^ila 
•ort  of  ipllce  la  •omatlmea  uaa<l  In  the  flanse  of  a  sirdar. 
The  an^rals  there  1«  more  dirtlcult,  becB.uBe  the  web 
plate  and  ahBlaa  inalce  It  more  complex.  For  k  safe 
apllce  there  ahould  ha  enouCh  rlTeta  between  B  and  C 
to  apllce  both  ths  cut  at  B  and  the  cut  at  Ct  aleo  enough 
between  O  and   D  to  apllce  both   the  cut  at  C  and   the 


tit 

bfeJ 


atresfl  Into  apllclng;  pieces 
,  Joint  such  BB  shown  in 
PlV.  B,  where  several  thidcnesses  of  metal  Intervene 
between  the  aplice  plate  and  the  piece  cut.  there  should 
be  used  additional  rivets.  A  clause  now  found  in  many 
spectncatlons  requires  that  when  the  apllcing  piece  Is 
not  in  contact  with  the  piece  cut  there  will  be  added 
rivets  to  the  extent  of  one-third  additional  to  the  num- 
ber required,  for  each  intervening  plate.  Between  A 
and  B,  since  there  are  two  Intervening  platee  on  the 
under  aide  the  lower  apllce  bar  ahould  be  extended  to 
take   two-thlrda  more   rivets   than   the   atreaa  would   re- 

w'hen  compresalon  members  are  spliced,  if  the  abut- 
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ting  ends  are  not  milled  true  for  a  full  bearinsr,  the  splice 
must  be  as  carefully  proportioned  as  in  the  case  of  ten*:- 
sion  members.  The  gross  area  of  the  splicing  pieces 
should  be  equal  to  that  of  the  member,  and  the  rivets  in 
the  several  pieces  should  be  apportioned  in  accordance 
with  their  several  areas;  also  these  pieces  should  be  dis- 
tributed as  near  as  possible  in  agreement  with  the  dis- 
tribution of  area  in  the  section.  Symmetry  of  splice  is 
essential  here  as  in  tension  members. 

When  only  a  part  of  a  compression  member  is  spliced, 
there  should  be  a  full  riveted  splice,  whether  or  not  the 
ends  are  planed.  This  is  a  point  the  importance  of  which 
has  been  overlooked  by  designers.  If  one  top  cover  plate 
in  a  plate  girder  is  cut  and  the  ends  milled  true,  these' 
ends  may  be  brought  up  to  contact  in  assembling  the 
girder;  and  then,  when  the  holes  are  drifted  to  drive  in 
rivets,  these  milled  ends  may  be  separated  even  the 
thickness  of  a  sheet  of  paper.  No  amount  of  stress  short 
of  the  failure  of  the  other  parts  will  bring,  these  ends 
into  contact,  and  the  splice  is  a  weak  point  that  may  be 
of  serious  consequence.  Drifting  or  inaccurate  milling 
may  cause  an  opening  of  a  sixteenth  of  an  inch  or  so, 
and  an  inspector  would  scarcely  feel  Justified  in  reject- 
ing a  piece  because  of  such  an  error;  furthermore,  the 
splice  may  be  hidden  by  other  parts  when  the  Inspector 
is  called  upon  to  examine  the  work.  If  the  webs  of  a  built 
member  are  spliced,  while  the  angles  are  continuous, 
there  should  be  a  full  riveted  splice  with  no  dependence 
upon  a  milled  Joint. 

When  the  full  section  of  a  compression  member  is 
milled  true  and  normal  to  the  direction  of  stress,  it  is 
not  necessary  that  the  splice  be  designed  to  carry  the 
stress,  if  the  member  is  not  subject  to  bending  stralna 
Splicing  pieces  are  needed,  however,  to  hold  the  parts  in 
line  and  to  insure  the  bringing  of  bearing  surfaces  oppo- 
site each  other.  It  is  generally  best  to  use  splicing  pieces 
on  all  sides  with  two  or  more  rivets  in  each  of  the  sev- 
eral lines  on  each  side  of  the  cut.  In  a  built  I  section 
both  the  web  and  the  flanges  should  have  splice  plates. 
The  common  form  of  top  chord  section,  consisting  o^  two 
webs,  four  angles,  and  a  top  plate,  is  often  spliced  in 
top  plate  and  webs  only.  The  horizontal  legs  of  the 
bottom  angles  should  have  splicing  pieces,  for  the  reason 
that  sometimes  in  erection  these  are  bent  and  not  brought 
opposite  each  other.  If  there  were  splicing  pieces  to 
rivet  on,  the  ends  would  be  brought  opposite  each  other 
in  order  to  put  the  splices  on. 

Correct  splicing  of  building  columns  is  very  import- 
ant, because  of  the  fact  that  many  buildings  are  inade- 
quately braced,  and  much  depends  on  the  column  Splices 
to  add  stiffness  to  the  building.  These  splices  should  be 
designed  to  do  more  than  merely  hold  the  parts  in  line. 
The  splice  plates  should  bear  some  relation  to  the  size 
of  the  section.  Sometimes  building  columns  have  a  hori- 
zontal plate  between  the  abutting  ends.  These  plates 
may  be  from  V>  in.  to  1  In.  in  thickness,  depending  on 
the  magnitude  of  the  section.  The  purpose  of  the  plate 
is  to  distribute  the  compression  over  the  column  enda 
Usually  the  section  changes  at  a  splice,  and  If  the  two 
abutting  ends  were  in  contact,  they  would  in  many  cases 
not  coincide.  In  columns  made  of  built  I  section  these 
plates  are  generally  omitted. 

Pig.  7  Illustrates  a  common  form  of  splice  for  a  buiW- 
ing  column. 
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Wtiere  a  marKed  change  of  section  occurs  at  a  splicQ, 
the  horizontal  plate  may  not  be  sufficient  to  spread 
the  load  of  the  upper  column  into  the  lower  one.  If 
the  channels  are  moved  say  2  or  3  inches  closer  to- 
gether. It  would,  be  well  to  rivet  on  inside  fillers  o|i 
the  channels  of  the  lower  column  and  mill  these  off 
with  the  column  section.  If  a  chang^e  from  a  box  section 
to  an  I  section  is  made,  a  short  I  section  can  be  intro- 
duced in  the  lower  column  18  to  24  inches  long:  comingT 
directly   under  the  upper  column   to  take  its  load. 

Fig:.  8  illustrates  a  method  used  in  the  Phipps  Power 
Building:,  Pittsburg:h^  by  the  author,  where  the  section 
changred  from  four  channels  to  two  channels.  The  short 
middle  channels  were  used  to  take  the  load  of  the  mid- 
dle channels  of  the  lower  section  and  distribute  it  into 
the  section   of   the   column   shown. 

Building:  columns  made  in  1-shape  of  four  ang^les 
and  a  web  plate  may  be  spliced,  as  shown  in  Fig:s.  9, 
10  and  11.  The  splices  shown  in  Flg:s.  9  and  10  are  for 
cases  where  the  same  4^pth  of  web  is  used  in  the  two 
sections  spliced.'  The  Splice  in  Fig:.  11  is  used  .where 
there  is  a  changre  in  the  depth  of  web.  Th^  horizontal 
plate  is  lisuafly  made  %  in.  thick  in  this  standard.  This 
plate  should  oe  made  the  full  width  of  the  lower  sec- 
tion of  the  column  so  as  to  cover  all  of  the  area  in 
compression.  If  the  plate  should,  overrun  in  width,  it 
can  be  Shipped  or  ground  off.  It  is  important  that  there 
be  'fXko  clearanc^V  otherwise  a  considerable  portion  of 
the .  coiiiit>res8ion  area  of  the  column  will  not  be  in 
bearing:. 

Splices  in  plate  grirders  will  be  found  undet*  the  sub- 
ject of  girders.  There  are  often  splices  required  in 
members  in  bending:  that  are  not  girders.  Such  a  case 
is  the  one  of  a  chord  in  a  bridge  loaded  transversely 
by  the  ties.  In  general,  a  splice  in  a  member  in  bend- 
ing should  not  be  made  at  the  section  of  greatest  mo- 
merit.  The  best  section  fpr  the  splice  is  where  the 
mothent  is  a  minimum.  In  continuous  chords  this  would 
be  a  'short  distance  away  from  the  panel  point,.  Such 
chords  should  be  proportioned  for  the  bending  rboment 
produced  by  the  load  in  a  simple  beam  of  a  span  equal 
to  the  panel  load,  as  the  dead  load  relief  from  side 
panels  is  sknall  and  unreliable.     The  splice  at  the  panel 

golnt  need  not  be  proportioned  to  take  more  than  about 
alf  of  this  moment.  If  the  extreme  fibre  stress  due 
to  hooding  does  not  exceed  the  unit  compression  in  the 
member,  assuming  a  Joint  milled  to  a  true  bearing, 
there  will  be  no  tension  on  the  splice,  and  it  would  be 
designed  as  any  ordinary  compression  splice.  If  the 
extreme  fibre  stress  due  to  bending  does  exceed  the 
unit  compression,  the  splice  should  be  proportioned  to 
take  the  excess  bending  moment  over  that  which  neu- 
tralizes the  compression. 

When  the  member  Is  not  subject  to  axial  stress, 
the  splice  should  be  proportioned  for  the  full  moment 
at  the  section  spliced.  A  splice  for  bending  only  will 
be  considered  first. 

A  splice  in  a  member  in  bending  should  have  Its 
section  modulus  proportioned  for  the  bending  moment 
to  be  taken.  The  section  modulus  Is  the  moment  of 
inertia  divided  by  the  distance  from  center  of  gravity 
to  the  extreme  fibre,  and  the  section  modulus  multiplied 
by  the  unit  stress  allowed  enuals  the  allowed  bending 
moment.     The   section   modulus  can   be   closely  approxl- 
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mAUd  by  t«kinr  the  product  of  the  net  areA  of  the  top 
of  bottom  flangre  splice  and  the  distance  between  their 
central  planes. 

Ih  the  splice  shown  in  Fis.  12  the  se^lon^  modulus 
obtained  by  dividtnir  the  moment  of  ititittlji  of  the  net 
section  of  the  splice  by  S  inches  =  49,  while  the  product 
of  the  net  area  of  the  horizontal  flange  Splice  plate  and 
15.6  (the  effective  depth)  is  4C.$.  It  would  be  better 
to  tise  the  latter,  as  then  the  side  plates  are  not  con- 
sidered In  bendingr,  and  their  rivets  need  not  be  pro- 
portioned for  the  same.  At  12,000  lbs.  per  sq.  In.  this 
splice  would  then  be  srood  for  46.5x12,000  =  558,000  inch- 
pounds.  The  stress  on  one  of  the  8x^  plates  Is  Sxl2.000 
=  86,000  lbs.  At  7,500  lbs.  per  sq.  in.  in  shear  on  rivets 
this  would  require  eiffht   %-in.  rivets. 

A  compression  member  that  is  not  milled  for  close 
fit,  and  a  tension  member,  if  under  transverse  as  well 
as  the  axial  stress  will  have  to  have  the  splice  propor- 
tioned for  the  combination.  This  is  best  done  by  making 
a  trial  splice  and  finding  the  extreme  fibre  stress  due 
to  the  bending:,  then  adding  to  this  the  unit  stress  ob- 
tained by  dividing  the  axial  stress  by  the  net  or  gross 
area  of  the  entire  splice  (according  as  the  stress  is 
tension  or  compression).  This  combined  unit  stress 
should  not  exceed  that  allowed  by  the  specifications. 
The  rivets  in  such  a  splice  may  likewise  be  fpund  by 
first  making  a  trial  lay-out.  The  stress  per  rivet  In 
the  flange  splice  is  found  by  dividing  the  moment  by 
the  effective  depth  and  this  by  the  number  of  rivets 
in  each  flange  splice.     To  this  must  be  added  the  stress 

ger  rivet  found  by  dividing  the  total  direct  stress  (axial) 
y  the  total  number  of  rivets  In  the  splice.  This  sum 
is  the  stress  on  the  critical  rivets,  that  Is,  the  ones 
that  are  stressed  the  highest. 

Splices  should  be  detailed  with  a  view  of  putting 
them  together  with  the  minimum  amount  of  trouble 
in  the  field.  In  some  cases  the  top  splice  plate  can  be 
put  on  the  end  of  one  piece  and  the  bottom  splice  plate 
on  the  other,  as  shown  in  Pig.  13,  so  that  the  pieces 
can  be  brought  together  by  vertical  movement  only. 
Splicing  pieces  sometimes  pinch  together  so  as  to  malfe 
it  difficult  to  insert  the  end  of  the  next  piece.  This 
may  be  avoided  by  omitting  in  the  shop  the  end  rivets 
and  allowing  these  to  be  driven  in  the  field.  These 
end  holes  would  be  shown  as  field  holes  on  the  drawing. 
In  the  shop  sometimes  spacers  are  used,  of  washers 
or  small  plates,  while  the  riveting  is  being  done. 
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CHAPTER  XVI. 
Pins. 

Pins  must  be  proportioned  so  that  the  shear  per 
square  Inch  will  ndt  exceed  a  given  limit  and  the  extreme 
fiber  stress  due  to  the  bendinsr  will  not  exceed  another 
given  limit. 

The  simplest  case  is  that  of  a  pin  through  a  plate 
and  a  clevis  nut  (Fig:.  1)  or  that  of  a  loop  rod  between 
two  plates,  as  shown  in  Fis-  2.  Here  the  bendinir  moment 
is  V^  P  a.  The  shear  on  the  pin  is  evidently  %  P.  The 
area  resisting  the  shear  is  the  cross  section  of  the 
pin,  or  the  area  of  a  circle  of  the  same  diameter  as  the 
pin.  The  area  is  found  by  dividias  the  shear  by  the 
unit  allowed  in  shear  on  pins.  The  diameter  required 
is  then  obtained  from  the  table  grivinff  the  areas  of 
circles.  As  will  be  shown  later,  however,  this  diameter 
will  not  be  the  one  to  use,  since  the  bendingr  moment 
and  not  the  shear  is  the  governiner  factor  that  deter- 
mines the  size  of  pin. 


Fig.  I.  Fig. 2, 


Fig. 


The  moment  of  inertia  of  a  circle  of  diameter  d  Is 
.0491  times  the  fourth  power  of  that  diameter,  and  the 
section  modulus  is  .0982  d'.  This  modulus  multiplied 
by  the  unit  stress  allowed  in  bending  will  g:lve  the 
bending  moment  which  the  pin  is  capable  of  resisting. 
A  table  giving  these  moments  for  different  diameters 
of  pins  and  the  allowed  unit  stress  should  be  at  hand, 
and  from  this  the  diameter  of  the  pin  can  be  found. 
(See  Godfrey's  Tables,  p.  9.) 

It  is  seldom,  if  ever,  necessary  to  investigate  a  pin 
for  shear,  as  the  following  will  show. 

Take  the  case  of  the  pin  shown  in  Fig.  3.  Allow 
20,000  lbs.  bending  on  the  pin,  15,000  lbs.  bearing,  and 
7.500  lbs.  shear,  all  per  sq.  in.  The  allowed  bending 
moment  is  20.000x.0982  d",  but  this  is  equal  to  P  a.  and 
Since  P  is  the  shear  on  the  pin,  it  may  be  7,500x.7854d=. 
Hence  the  moment  allowed,  on  the  basis  of  the  maxi- 
mum shear  on  the  pin,  is  7,500x.7854  a  d^.  Equating 
these   two   values   of   the   bending   moment   and   solving, 
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we   have 

■  =  l/ad 

Again 

1/3   P  d  =  20,000x.0982  d« 

Therefore 

P  =  6892   d=    (1) 

From  the  standpoint  of  the  bearing:  on  the  pin,  we 
have 

P  =  16000  d  X (2) 

From    (1)   and    (2)   we   obtain  x=.393d. 

Hence  these  bearing:  surfaces  would  have  to  overlap 
in  order  to  be  wide  enougrh  to  grive  a  stress  equal  to  the 
allowed  shear  on  the  pin.  (Since  x  is  greater  than  a.) 
These  bearing  surfaces  frequently  do  overlap,  in  mem> 
bers  designed  with  half  a  pin  hole,  and  sometimes  the 
table  showing  shears  on  a  pin  will  indicate  a  shear  too 
great  for  the  diameter  of  pin  needed  in  bending.  How- 
ever, this  shear  does  not  actually  exist  in  any  cross 
section  of  the  pin,  because  of  the  overlapping  of  the 
loads  on  the  opposite  sides  of  the  pin.  In  calculating 
the  bending  moments  on  pins  the  loads  are  assumed 
to  be  applied  at  centers  of  pressure,  but  there  is  no 
need  of  such  assumption  in  calculating  the  shears,  ex- 
cept  as   these   shears   are   used   to   And   moments. 

Another  simple  case  is  that  shown  in  Fig.  4.  This 
may  occur  in  chord  bars,  or,  with  the  forces  reversed, 
would  represent  the  case  of  a  post  resting  on  a  shoe. 
The  bending  moment  is  Pa.  It  is  independent  of  the 
distance  x.    The  shear  is  P. 
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Fig.  5  (a)  and  (b)  shows  two  ways  of  packing  chord 
bars.  It  is  seen  that  the  moment  at  the  third  bar  in 
both  (a)  and  (b)  is  2  Pa — Pa  =  Pa.  At  the  fourth  bar 
in  (a)  the  moment  is  3  P  a— 3  P  a,  or  zero.  At  the  fourth 
bar  in  (b)  the  moment  is  3  Pa — 2  Pa+Pa  =  Pa.  The 
latter  is  the  maximum  moment  in  either  case.  Thus 
by  alternating  the  bars  the  moment  is  rendered  greater 
than  by  placing  them  in  pairs  as  at  (a).  The  objection 
to  this,  however,  is  that  if  the  two  bars  are  together, 
it  is  impossible  to  repaint  them,  and  not  being  held 
firmly  together  they  cannot  be  sealed  against  the  ad- 
mission of  water.  If  a  packing  ring  an  inch  or  so  In 
thickness  is  placed  between  the  two  bars  that  are  side 
by  side,  the  difficulty  will  be  obviated.  The  pin  will, 
however,  be  two  inches  longer  than  otherwise. 

Sometimes  a  pin  is  on  three  or  four  supports,  where 
the  reactions  instead  of  being  apportioned  as  In  the 
case  of  eye-bars  according  to  the  areas  of  the  bars, 
have  to  be  ascertained  by  considering  the  pin  as  a 
continuous  beam.  A  truss  shoe  with  three  or  four  webs 
is   in   this  case  and   presents  as   perfect   a   case   of  con- 
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tinuous  beam  over  level   supports  as  the   desigrner  will 
meet,  as  the  pin  hole  is  bored  In  a  truly  straigrht  line. 

A  simple  method  of  finding:  the  reactions  for  con- 
tinuous beams  was  published  by  the  author  in  Engi- 
neering News,  Apr.  17,  1902.  A  statement  of  the  rule 
will  be  found  in  Godfrey's  Tables,  p.  202.  Figs.  6  and  7 
give  formulas  for  pins  on  three  and  four  supports  re- 
spectively. 
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The  arransrement  of  eye -bars  and  other  pin  connect- 
ing members  on  a  pin  is  called  the  packing  of  the  pin. 

This  is  almost  Invariably  symmetrical  about  the 
middle  plane  of  the  truss.  If  then  we  And  the  moments 
at  the  different  sections  for  one-half  of  the  pin,  the 
greatest  of  these  will  be  the  maximum  moment  and 
the  one  for  which  the  pin  is  to  be  proportioned.  It  is 
therefore  sufficient  to  consider  one-half  of  the  pin  and 
to  make  a  sketch  for  only  one-half  beside  the  calcu- 
lations. 

The  principle  upon  which  the  bending  moments  at 
the  different  sections  of  a  pin  are  found,  specialized 
for  the  case  of  a  pin,  is  this:  The  bending  moment  at 
any  section  of  a  beam  is  equal  to  (the  moment  at  any 
adjacent  concentration  a  distance  x  away)  plus  the 
product  of  (the  shear  between  that  concentration  and 
the  section  under  consideration)  and  (the  distance  x.) 
To  illustrate:  The  moment  at  b  is  equal  to  the  moment 
at  Mf  or  zero,  plus  the  shear  between  a  and  b,  or  a  times  r* 
or  simply  a  r.  That  at  c,  is  this  moment  a  c  plus  the 
shear  between  b  and  c,  or  a— b,  times  %  or  a  r+(a— b)«. 
That  at  d  is  a  r+(a— b )•+(«— b-fc)t. 

That  at  e  is  a  r+(a — b)«+(a — b-fc)  t  +  (a— b-f-c--d)  n 
That  at  f  is  a  r+(a— b)a+(a— b+c)t+  (a— b+c— d)a+(a— 
b+c— d+e)v. 

These  can  be  verified  by  taking  moments  of  the 
various  forces  about  the  different  concentrations.  This 
principle  affords  a  neat  method  of  finding  the  bending 
moments  at  the  different  sections  of  a  pin  analytically. 
The  concentrations  a,  b,  c,  etc.,  represent  the  stresses 
applied  to  the  pin  through  the  different  members  at- 
tached, and  the  distances  r,  •,•!,  etc.,  represent  the  dls- 
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half   of   the   pin,   and   a   table   such   aa   the   following   Is 

prepared.      In    this    case    values    will    be    given    to    the 
(orcea  «,  b,  c,  etc.,  of  Fig.  8. 

Member   Stresses     Shears   I^ver  Ar 
a           +60000          +60000          1.26 
b         —15000          +16000          1.00 
c           +40000         +6B0OO          2.00 
d         — GOaOO        —  50OO         0.80 
e           +30000          +26000          1.20 
t         —26000                      0 

Partlal  Resultant 

""+  75000  '       *'"«"',' 

+  16000          +  TSDOO 

+110000          +  SOOOO 

fziZ    XSZi 

+228000 

The  quantities  are  In  pounda.  Inches  and  Inch-pounds. 
An    inspection   of   the   above    table    will   ahow    how    the 
dllTerent  values  are  obtained.     Those  In  the  second  col- 

the  packing  of  the  pin  and  the  stresses 
□n  lae  ainerent  parts  attached  thereto.  The  stresses 
must  all  be  in  one  plane  through  the  center  of  the  pin. 
It  the  (nembers  do  not  He  in  one  plane,  components  of 
their  Btreaa  must  be  taken  in  the  direction  of  a  common 
plane.  The  case  of  stresses  not  in  one  plane  will  be 
taken  up  later. 

The  stresses  are  given  signs  to  Indicate  the  dlrec' 
tlon,  beBlnnlnK  with  the  llrst  as  plus.  The  shear  In 
the  first  line  tg  the  stresa  In  that  line.  The  shear  In 
any  other  line  ia  equal  to  the  ahear  In  the  next  line 
above  combined  with  the  stress  !n  the  line  whose  shear 
is  to  be  found.  On  account  of  the  packing  of  the  pin 
being  symmetrical  faa  a  rule)  the  shear  In  the  last 
line  will  be  sero,  or.  If  that  is  the  center  of  the  pin. 
It  will  be  one-half  of  the  stress  In  the  member  occurring 
there.  This  affords  a  means  ot  checking  the  stresses, 
or.  If  any  be  tacking,  ol  substituting  Its  value. 

The  lever  arms  are  found  from  the  packing  ot  the 
pin.  To  illustrate  the  simplest  way  ot  flndlng  these 
lever  arms:  Prom  Fig.  0  we  see  that  the  distance  center 
to   center   of   eye-bars  Is   4"   plus   the   thickness   of   ons 


bar=5^''.  The  distance  center  to  center  of  bearinsr 
plates  of  the  vertical  post  is  8"  minus  the  thickness  of 
one  bearing  plate  =  7^^.  The  distance  center*  to  center 
of  bearing  of  the  chord  is  9"  plus  the  thickness  of  one 
bearing  plate  (6/16")  minus  the  thickness  of  web  (%") 
=  8  16/16".  (This  may  be  carried  to  any  extent,  adding 
or  subtracting  the  thickness  of  one  plate  according  as 
it  is  inside  or  outside  of  the  given  distance.)  Half  of 
the  difTerences  between  6%",  7%*,  and  8  15/16"  will 
give  the  lever  arms  for  the  case  cited. 

The  fifth  column  in  the  table  gives  the  products  of 
the  values  in  the  third  and   fourth. 

The  moments  in  the  last  column  are  obtained  by 
following  out  the  principle  given  above.  The  moment  for 
the  first  line  is  zero.  In  any  subsequent  line  the  mo- 
ment is  found  by  combining  algebraically  the  values 
in  the  fifth  and  sixth  columns  in  the  next  fine  above. 

When  the  members  do  not  all  lie  in  one  plane  with 
the  axis  of  the  pin,  two  tables  similar  to  the  above  are 
made,  one  giving  the  horizontal  moments,  or  the  mo- 
ments obtained  by  using  the  horizontal  components  of 
stresses  of  all  members  attached,  and  the  other  giving 
the  vertical  moments,  or  those  obtained  by  using  the 
vertical  components.  The  actual  bending  moment  at 
each  section  would  be  found  by  taking  the  square  root 
of  the  sum  of  the  squares  of  the  vertical  and  horizontal 
moments  at  that  section.  (That  is,  finding  the  hypoth- 
enuse  of  a  right  triangle  of  which  the  horizontal  and 
vertical  moments  arQ  the  sides.)  It  is  seldom  necessary, 
however,  to  try  more  than  one  or  two  sections  to  obtain 
the  maximum. 
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Fig.  10  shows  the  stresses,  and  their  horizontal  and 
vertical  components,  of  the  members  centering  in  the 
top  chord  of  a  truss.  Fig.  11  shows  the  relative  posi- 
tions of  these  members  on  the  pin.  The  following 
tables  show  the  calculations  of  horizontal  and  vertical 
bending  moments.  (The  stresses  are  for  one-half  of  the 
truss.) 


Member  Stresses 
U4UB  +449600 
U3U4  —398.900 
U4L5     —  60,600 


HorlBontal    Moments. 

Partial     Resultant 

Shears  Lever  Arms  Moments     Moments 

+449.500        1.10        +494,460 

+  50,600       1.88        +  69,830  +494,450 

0  +564,280 
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Vertical  MoMe«t«. 

-_      .        ^  Partial  Resultant 

xr^.^^  Stresses  Shears  Lever  Arms  Moments  Moments 

HiH?         +20,000  +20,000          1.10  +22,000 

Vr^Vi       —30,000  —10,000          1.38  —13,800  +22,000 

U4L5         +60.000  +50,000          1.22  +61,000  ,  +-   8,200 

U4L4       —50.000  0  .  +69,200 

By  inspection  of  these  tables  it  is  seen  that  the 
moment  at  U3  U4.  which  is  the  square  root  of  the  sum 
of  the  squares  of  449,450  and  22,000,  is  not  as  grreat 
as  that  at  U4,  L.5,  which  is  564,280  and  8,200  combined 
in  the  same  way.  But  there  is  a  still  greater  moment, 
namely,  that  at  U4  L4.  The  horizontal  moment  found 
at  U4  L5  is  the  same  from  that  bar  to  the  bar  on  the 
other  side  of  the  truss,  as  the  shear  is  zero  in  this  space. 
The  horizontal  moment  of  664,280  in.-lb.  therefore  exists 
at  U4  L4  and  is  to  be  combined  with  69,200,  by  finding 
the  square  root  of  the  sum  of  their  squares.  This  is 
the  maximum  moment  and  is  found  to  be  668,500  in.-lb. 
At  20,000  lbs.  per  sq.  in.  it  will  be  found  in  the  table 
that  the  size  of  pin  required  is  6%  in. 

As  in  many  other  problems  in  desigrnine.  the  size 
of  pin  must  be  approximately  known  before  it  is  finally 
determined,  in  order  to  desigrn  the  pin  packing:  and 
find  the  thickness  of  the  bearing:  plates.  Usually  truss 
pins  are  made  no  less  than  about  three  inches  in  diam- 
eter. The  pins  at  shoe  and  hip  are  g:enerally  larger 
than  the  other  pins.  No  g:eneral  rule  can  be  g:iven,  as 
much  depends  um>n  the  packing:  and  the  style  of  mem- 
bers. A  100  ft.  railroad  span  of  ordinary  construction 
would  have  the  hip  and  shoe  pins  about  5  in.  in  diam- 
eter. On  a  200  ft.  span  they  would  be  7  or  8  in.  in  diam- 
eter. Other  pins  on  the  100  ft.  span  would  be  about 
3^/^  or  4  in.  in  diameter,  and  on  the  200  ft.  span,  about 
5%   or  6%   in. 

Generally  it  is  preferable  to  use  but  a  few  different 
sizes   of   pins   on   a   bridge. 

Sometimes  sizes  running  in  eights  are  preferred,  as 
3%,  5%,  etc.,  or  in  quarters  above  6  in.,  as  the  material 
is  usually  ordered  %  in.  larger  in  diameter  up  to  6  in. 
and  ^  in.  larger  beyond  6  in.  This  makes  the  orders 
for  the   rounds  In   quarters. 

The  packing  of  the  pins  should  be  such  as  to  make 
the  eye-bars  as  near  parallel  as  possible.  A  pair  of 
opposite  bars  should  not  spread  more  than  an  eighth 
of  an   inch   per  foot   of   their   length. 

The  stresses  used  in  finding  the  bending  moments 
must,  of  course,  be  stresses  which  exist  simultaneously 
in  the  structure.  The  stress  sheet  usually  gives  the 
maximum  stresses  occurring  in  the  different  members; 
but  the  condition  of  loading  for  the  maximum  in  the 
chords  is  different  from  that  for  the  maximum  in  the 
diagonals  and  posts.  It  may  be  necessary  to  try  both 
the  condition  of  maximum  stress  in  the  diagonals  and 
also  that  of  the  maximum  stress  in  the  chords  in  order 
to  obtain  the  maximum  moment  on  the  pin.  For  the 
former  the  chord  stresses  under  the  same  condition  of 
loading  must  be  calculated.  For  the  latter  the  difference 
between  the  chord  stress  in  the  two  adjacent  panels 
will  give  the  horizontal  comporent  of  the  stress  in  the 
diagonal.  For  example,  in  Fig.  12,  30.000  lbs.  is  the 
horizontal   component   of   the   diagonal   stress   and   40,000 
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lbs.  is  the  vertical  component.  (Obtained  from  the  slope 
of  the  diagonal.)  This  is  also  the  vertical  stress  under 
the  same   condition. 

In  the  case  of  inclined  chords  the  horizontal  and 
vertical  component  of  each  chord  stress  must  be  com- 
puted. 
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Where  the  floorbeams  rivet  to  the  vertical  posts 
above  the  bottom  chord  pin.  note  that  the  vertical  com- 
ponent of  the  stress  in  the  diagronal  is  to  be  used  as 
the  stress  in  the  post  and  not  the  post  stress  as  g^iven 
on  the  stress  sheet.  The  latter  would  be  the  stress  above 
the  floorbeam.  A^ain,  if  the  fioorbeam  load  is  applied 
to  the  post  near  the  top  chord  pin,  note  that  the  maxi- 
mum stress  in  the  part  of  the  post  above  the  floorbeam 
is  equal  io  the  vertical  component  of  the  stress  in  the 
diagronal.  Thus,  at  (a).  Fig:.  13,  the  maximum  stress 
in  post  U3  1.3  below  the  floorbeam  is  equal  to  the  ver- 
tical component  of  the  stress  in  U2  L3,  and  at  (b)  the 
maximum  atress  in  post  U5  L5,  above  the  floorbeam  is 
equal  to  the  vertical  component  of  the  stress  in  U5  L$. 
(This  is  negrlectingr  the  weight  of  the  chord.) 
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The  unit  stresses  allowed  on  pins,  as  given  In  stand- 
ard specifications,  are  based  on  structural  steel,  and  good 
practice  would  require  that  they  be  adhered  to.  It 
is  not  uncommon  to  find  in  old  bridges  pins  which»  ac- 
cording to  calculations,  are  stressed  up  to  and  beyond 
the  elastic  limit,  or  even  as  high  as  the  ultimate  strength 
assuming  loads  applied  at  centers  of  bearings).  This 
lfea«  been  taken  by  some  designers  as  a  warrant 
\ox  allowing  extremely  high  unit  stresses  on  pins,  or 
Jo?  revising  the  method  of  calculations.  One  method 
^iven  is  to  calculate  the  bending  moment  assuming  the 
loads  to  be  distributed  over  one-half  of  the  width  of 
the  pieces  bearing.  But  this  would  give  practically 
the  same  moment  as  the  assumption  that  the  load  be 
concentrated  at  the  center  of  bearing,  unless  perfect 
rigidity  of  the  bearing  parts  be  assumed.  There  seems 
to  be  no  good  reason  for  using  any  other  method  of 
calculating:  the  pins  than  the  usual  one  of  considering 
the  stresses  as  concentrated  at  the  center  of  bearing 
of  the  parts  attached,  unless  it  be  in  some  unusual  case 
where  the  bearing  area  is  far  in  excess  of  that  required. 
In  that  case  the  excess  thickness  of  bearing  area  on  any 
one  piece  could  be  safely  counted  out  in  computing  the 
lever  arms.  The  details  of  a  bridge  are  of  great  import- 
ance, and  no  uncertainty  should  enter  into  the  calcu- 
latiozxs.  Further,  the  small  increase  in  weight  which 
a  fraction  of  an  inch  in  the  diameter  of  a  pin  would 
mean  is  inconsiderable  when  weighed  with  the  added 
safety  resulting  in  the  bridge.  Moreover,  it  is  better 
to  pass  upon  the  safety  of  an  existing  structure  with  the 
assurance  that  the  absolute  maximum  moment  that 
can  occur  in  a  pin  gives  stresses  within,  the  elastic 
limit,  than  to  make  assumptions  which  can  only  be 
guesses  and  find  the  stresses  within  ordinary  safe  limits. 

In  view  of  the  behavior  of  pins  above  stated  allow- 
ance can  be  made,  where  close  packing  has  been  used, 
in  an  existing  structure,  for  considerable  increase  over 
commonly  allowed  units.  A  bridge  may  thus  be  pro- 
nounced safe,  though  calculations  show  that  the  pins 
are  stressed  almost  to  the  elastic  limit  of  the  material. 
Pins  of  high  carbon  steel,  tempered  in  oil,  are  some- 
times used  in  work  where  it  is  found  that  the  pins  of 
an  existing  structure  are  too  small.  A  unit  stress  of 
35,000  pounds  can  safely  be  used  for  this  material. 

Lateral  pins  are  usually  what  are  called  cotter  pins. 
(Fig.  14)  having  a  head*  at  one  end  and  a  hole  for  the 
cotter  near  the  other  end.  They  are  turned  out  of  a 
piece  of  steel  the  diameter  of  the  head.  Cold  rolled 
shafting,  with  a  cotter  near  each  end  of  the  pin  is  some- 
times used  for  lateral  pins.  The  extra  hardness  given 
to  the  steel  by  the  cold  rolling  makes  the  material  es- 
pecially  suitable   for   resisting   bending. 

Chord  pins  are  turned  down  to  a  smaller  diameter 
to  receive  the  nut,  as  shown  in  Fig.  15.  and  either  have 
a  washer  as  at  (a)  or  a  Lomls  nut  as  at  (b).  The  pin 
is  made  a  little  longer  than  the  actual  distance  out 
to  out  of  the  metal  bearing  upon  it,  so  that  full  bearing 
will    be    insured. 

In  packing  bars  on  a  pin  a  sixteenth  of  an  inch  of 
space  is  assumed  between  bars  in  contact  to  allow  for 
variation  in  the  thickness  of  the  heads.  No  such  allow- 
ance need  be  made  for  pin  plates  riveted  together 
(though  a  small  allowance  is  sometimes  made);  but  in 
the  detail  drawing  the  limiting  width  out  to  out  of  pin 
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plates,  or  the  clearance  to  be  allowed  between  pin  plates 
should  be  clearly  noted. 

The  purpose  in  reducing:  the  diameter  of  a  chord  pin 
for  the  thread  is  to  receive  a  pilot  nut,  as  in  Fig.  16.  This 
nut  serves  the  double  purpose  in  erection  of  protecting 
the  thread  and  of  acting  as  an  entering  wedge  for  the 
pin.  A  cap  is  usually  placed  on  the  other  end  of  the 
pin  to  take  the  force  of  the  ram  in  driving. 
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CHAPTER  XVII. 
Loads  and  Unit  Stresses. 

The  loads  for  which  a  structure  is  to  be  designed 
should  be  such  as  to  render  it  perfectly  safe  under 
all  conditions  of  legitimate  service.  For  all  structures, 
it  is  scarcely  necessary  to  say,  the  dead  weight,  or  the 
weight  of  the  structure  itself,  always  constitutes  a 
part  of  the  load  carried.  This  weight  must  be  estimated 
or  judged  by  the  designer.  It  is  usually  assumed  as 
concentrated  at  panel  points.  For  ordinary  truss  work, 
with  panels  of  equal  length,  it  is  customary  to  divide 
up  the  total  estimated  or  assumed  weight  into  equal 
parts,  one  for  each  panel.  These  equal  divisions  are 
called  panel  loads.  For  bridges  this  panel  load  is  some- 
times divided,  and  about  one-third  is  applied  at  the  panel 
point  in  the  unloaded  chord,  the  other  two-thirds  being 
applied  at  the  loaded  chord  (chord  near  which  the  floor 
system  is  attached).  For  greater  accuracy  the  part 
of  the  panel  load  coming  at  the  unloaded  chord  may 
be  estimated.  It  would  include  one-half  of  the  weight 
of  the  truss  and  the  weight  of  the  bracing  in  the  plane 
of  that  chord.  For  heavy  floors  this  should  be  done. 
For  roof  trusses  and  bridges  of  short  span  the  dead 
weight  is  assumed  to  act  only  at  the  panel  points  of 
the  loaded  chord. 

The  superimposed  load,  or  the  live  load  is  com- 
monly talcen  at  so  many  pounds  per  square  foot  of 
horizontal  surface.  This  is  also  taken  as  con- 
centrated at  panel  points  for  the  trusses.  The  live 
load  on  roofs  is  usually  a  snow  load.  On  sloping  and 
unprotected  roofs  it  is  probable  that  the  snow  load  will 
not  exceed  20  lbs.  per  sq.  ft.  even  when  wet.  In  the 
case  of  flat  and  protected  roofs  the  snow  load  may 
amount  to  much  more  than  this.  Building  regulations 
and  specifications  usually  require  that  roofs  of  mill 
buildings  be  designed  for  a  load  of  30  lbs.  per  sq.  ft, 
and  city  buildings  for  50  lbs.  If  the  lateral  stiffness  of 
the  building  is  taken  care  of  outside  of  the  roof  truss, 
this  load  Is  sufficient  to  include  the  effect  of  the  wind. 

Floor  loads  for  buildings  and  brid^res  are  usually 
given  In  pounds  per  sq.  ft.  On  floors  sustaining  people 
only,  the  maximum  load  would  be  the  weight  per  sq.  ft. 
of  the  densest  crowd  that  could  be  packed  on  the  floor. 
The  outside  limit  of  such  a  load  is  about  150  lbs.  per 
sq.  ft.  It  requires  uncomfortable  crowding  to  reach 
100  lbs.  For  the  parts  of  a  bridge  that  require  but  a 
small  portion  of  the  floor  to  be  loaded  in  order  to  re- 
ceive their  stress  the  floor  load  should  be  taken  higher, 
for  the  reason  that  a  small  number  of  people  concen- 
trated at  that  part  of  the  bridge  may  load  it  locally  to 
its  capacity.  On  parts  requiring  a  large  portion  of  the 
bridge  to  be  loaded  in  order  to  receive  their  full  stress 
the  probability  of  the  occurrence  of  this  full  stress  Is 
small.  For  this  reason  a  less  load  per  sq.  ft.  may  be 
taken.  For  example,  in  a  foot  bridge  the  Ptringers 
will   be   proportioned   for   say   100   lbs.    per   sq.   ft.   while 
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the  truss  will  be  proportioned  for  SO  lbs.  per  sq.  it. 
While  50  men  at  160  lbs.  each  would  load  to  its  capacity 
a  strinsrer  sustaining:  80  sq.  ft.  at  100  lbs.  per  sq.  ft., 
it  would  require  2,250  men  at  the  same  weight  to  load 
to  its  capacity  two  trusses  sustaining  4,500  sq.  ft.  at 
80  lbs.  per  sq.  ft.  The  logic  of  using  loading  thus  graded 
is  therefore  apparent. 

For  the  roadway  of  a  highway  bridge  the  stringers 
are  proportioned  for  a  wagon  load  and  the  truss  for  a 
given  load  per  sq.  ft.  A  heavy  wagon  loaded  with  brick 
weighs  about  i^  tons  and  a  coal  wagon  loaded  weighs 
about  5H  to  6  tons.  It  is  close  enough  to  assume  that 
the  wheels  are  five  feet  apart  each  way.  These  wagon 
loads  are  about  as  heavy  as  would  be  expected  in  ordi- 
nary traffic,  but  there  are  much  heavier  loads  than  this 
liable  to  come  upon  a  bridge.  Wagons  carrying 
structural  material,  castings,  etc.,  have  a  much  greater 
capacity.  Traction  engines  and  steam  road  rollers  are 
among  the  heaviest  loads  to  be  carried.  One  make  of 
steam  road  roller  weighs  15  long  tons,  six  tons  on  the 
forward  axle  and  nine  on  the  rear  axle.  The  axles  are 
eleven  feet  apart.  The  rollers  are  20  inches  wide,  the 
two  on  the  forward  axle  being  spaced  2%  feet  center 
to  center  and  the  two  on  the  rear  axle  being  6  feet 
center  to   center. 

The  loads  in  buildings  are  graded  as  described  in 
the  specifications  in  Chapter  XXXII,  the  lower  stories 
of  the  columns  taking  less  than  the  full  live  load  of 
the  floors  carried  by  them.  Storage  floors  must  carry 
loads  greater  than  100  lbs.  per  sq.  ft.  Steel  mill  floors 
are  sometimes  designed  to  carry  400  to  500  lbs.  per 
sq.  ft. 

The  factor  of  safety  of  a  member  of  a  structure  is 
the  ratio  between  the  ultimate  strength  of  the  material 
of  which  it  is  composed  and  the  actual  stress  in  that 
material  when  the  member  is  loaded.  It  may  also  be 
defined  as  the  ratio  between  the  load  that  will  cause 
failure  and  the  load  to  be  carried.  The  popular  idea 
of  the  meaning  of  a  factor  of  safety  of  four  is  that  the 
structure  having  this  factor  can  be  loaded  with  four 
times  the  calculated  load,  and  then  failure  will  take 
place.  Along  with  this  idea  goes  the  notion  that  any 
load  less  than  four  times  the  safe  load  will  not  injure 
the  structure.  This  is  very  misleading.  Before  the 
ultimate  strength  of  steel  is  reachea  great  distortion 
takes  place.  This  amounts,  in  the  case  of  eye-bars  for 
example,  to  10  or  15  per  cent,  of  a  stretch.  The  dis- 
tortion in  a  frame  consequent  upon  such  change  in 
length  of  its  members  would  disturb  all  of  the  calculated 
stresses  and  probably  unseat  the  truss  before  the  ul- 
timate strength  of  the  parts  Is  reached.  A  structure 
cannot  be  said  to  be  safe  in  any  sense  under  stresses 
beyond  the  elastic  limit.  This  in  the  case  of  steel  is 
one-half  to  two-thirds  of  the  ultimate  strength,  there- 
fore steel  construction  having  a  factor  of  safety  of  1^ 
is  unsafe. 

Such  materials  as  cast  iron,  wood,  stone,  and  con- 
crete, where  rupture  In  tests  occurs  suddenly  without 
much  stretch,  agree  better  with  the  popular  Idea  in 
the  matter  of  the  factor  of  safety;  though  tests  show 
that  loads  considerably  less  than  the  ultimate  strength, 
long  continued  or  repeatedly  applied,  will  cause  failure 
In  these  materials. 

A  factor  of  safety  is  intended  not  only  to  bring  the 
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actual  stresses  well  within  the  elastic  limit  but  also 
to  cover  irregrularities  and  imperfections  in  the  ma- 
terials  and    worlcmanship. 

The  common  factor  of  safety  for  quiescent  loads 
such  as  in  buildingrs  is  four,  and.  for  moving  loads,  as 
in  bridg^es,  five  is  used.  Some  special  cases  admit  of 
smaller  factors  of  safety,  and  others  require  larger. 
The  shells  of  oil  tanks  are  commonly  designed  with  a 
factor  of  3  or  less.  This  is  justifiable,  as  the  loa4  is 
perfectly  quiescent  and  the  stresses  are  quite  simple 
and   determinate. 

Wood  should  have  a  larger  factor  of  safety  than 
steel  on  account  of  the  general  lack  of  uniformity, 
the  weakness  of  knots,  the  presence  of  imperfections, 
etc.  If  the  unit  stresses  are  based  on  tests  of  selected 
specimens,  the  factor  should  be  six  or  eight.  If.  how- 
ever, full  size  representative  pieces  have  been  tested 
the  factor  may  be  4   or  5. 

Cast  iron,  stone,  or  concrete  in  tension,  transverse 
bending,  or  shear  should  have  a  factor  of  safety  of 
about  ten.  The  factor  for  rapidly  moving  parts  of  ma- 
chinery or  parts  subject  to  shock  or  reversal  of  strain 
should  be   10  to   15. 

Such  construction  as  concrete  or  tile  arches,  which 
do  not  admit  of  exact  calculation,  should  have  a  factor 
of  safety  of  four  based  on  the  result  of  tests  to  de- 
struction, or  of  two  based  on  test  loads  that  cause  in- 
cipient failure. 

There  are  several  different  ways  of  treating  the  sub- 
ject of  unit  stresses.  The  simplest  way  is  to  allow  unit 
stresses  of  a  certain  amount  irrespective  of  the  nature 
of  the  load,  that  is,  whether  dead  or  live  load.  For 
loads  that  are  not  suddenly  applied,  such  as  those  in 
buildings,  this  is  quite  rational,  even  if  the  units  ap- 
proach what  would  be  considered  safe  for  quiescent 
loads.  For  loads  that  may  be  suddenly  applied,  as  in 
parts  of  bridges  whose  full  loading  requires  but  a  short 
time,  and  which  support  but  a  small  part  of  the  dead 
load,  this  is  also  rational,  if  the  units  be  those  con- 
sidered safe  for  live  load.  Truss  members  receiviner 
but  one  panel  of  load,  as  hangers,  floorbeams,  and 
stringers,  and  short  span  girders  should  fall  in  this 
latter    class. 

When  a  weight  is  suddenly  placed  on  a  spring  bal- 
ance the  pan  will  drop  until  the  index  registers  twice 
the  actual  weight,  and  after  vibrating  it  will  confte  to 
rest  at  the  actual  weight.  When  a  load  is  suddenly 
placed  upon  a  beam  or  other  part  of  a  structure,  the 
result  Is  to  produce  a  momentary  effect  double  that 
which  would  be  produced  if  the  load  were  gradually 
applied.  Hence,  if  the  live  load  of  a  bridge  be  placed 
suddenly  upon  it,  not  dropped,  but  rolled  upon  it  on 
a  perfectly  smooth  track,  it  will  produce  double  the 
effect  of  the  same  amount  of  dead  load.  This  principle 
is  recognized  in  specifications,  in  giving  unit  stresses 
for  parts  of  the  structures  where  the  dead  load  gives  a 
considerable  part  of  the  stress,  by  allowing  a  live  load 
unit  stress  only  one-half  of  that  allpwed  for  dead  load. 
In  designing  parts  under  such  specifications  it  is  best 
to  add  to  the  live  load  stress  or  bending  moment  one- 
half  that  of  the  dead  load  and  use  the  live  load  units. 

A  method  of  allowing  for  the  greater  effect  of  mov- 
ing over  quiescent  loads  is  to  add  a  certain  amount  of 
flc*ltious  stress  to  the  total  stress,  assumed  to  represent 
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the  added  effect  due  to  live  load.  This  is  a  certain 
fraction  of  the  live  load,  varying  between  about  one- 
tenth  and  eight-tenths,  and  is  called  impact.  It  is  well 
known  that  the  entire  load  cannot  be  applied,  momentar- 
ily in  its  full  effect  on  a  span  or  even  on  a  single  panel. 
Hence,  it  is  reasoned,  the  effect  of  live  load  is  not  really 
double  that  of  a  quiescent  load  of  the  same  amount. 
If  the  load  were  placed  upon  the  bridge  in  installments 
and  these  partial  loads  were  allowed  to  come  to  rest, 
this  reasoning  would  be  valid;  but,  in  the  case  of  a 
train,  for  example,  the  load  is  moving,  sometimes  very 
swiftly^  ancl  this  on  a  track  which  is  not  perfectly 
smooth.  The  irregularities  of  the  track  and  the  giving 
of  the  ties  cause  the  loatl  to  rise  and  fall,  and  the 
springs  add  to  the  amplitude  of  the  vibrations,  so  that 
oh  the  whole  it  is  reasonable  to  assume  that  the  effect 
of  a  train  on  a  long  span  is  fully  equal  to  double  that 
of  a  quiescent  load.  The  same  reasoning  holds  true 
for  highway  bridges  or  even  foot  bridges,  for  the  trot- 
ting of  horses  or  the  marching  of  men  is  no  doubt  twice 
as  trying  on  the  supporting  power  of  a  floor  as  quies- 
cent loads.  A  sign  requiring  marchers  to  break  step 
or  "Drive  no  Faster  th'an  a  Walk"  might  as  well  read 
— "This  bridge  is  antiquated  or  unsafe  or  both." 

Still  another  method  of  dealing  with  this  subject  is 
one  based  upon  what  is  called  wohler's  law.  This  law 
is  commonly  referred  to  as  that  of  the  fatigue  of  met- 
als. It  .is  a  law  well  sustained  by  experiments  in  its 
application  to  test  specimens,  but  its  bearing  upon  the 
proportioning  of  truss  members  is  purely  a  theoretical 
deduction.  The  heat  developed  in  a  test  specimen  sub- 
ject to  millions  of  repetitions  of  a  stress  may  have 
much  to  do  with  its  failure. 

It  cannot  be  said  that  all  members  of  a  truss  de- 
signed according  to  the  fatigue  formula  will  have  ex- 
actly the  same  factor  of  safety.  It  therefore  intro- 
duces needless  complications  into  the  designing  of 
structures,  in  view  of  the  fact  that  practically  the  same 
results  may  be  reached  by  simpler  means.  The  law 
referred  to  points  out  the  fact  that  a  load  less  than 
the  ultimate  strength  of  a  metal,  or  even  less  than  the 
elastic  limit,  if  applied  repeatedly  a  great  number  of 
times  will  cause  failure.  Based  upon  this  law  the  al- 
lowed unit  stress  in  a  member  taking  one  kind  of  stress 
is  given  about  as  follows: 

min. 

K  =  10,000   (1+ ) 

max. 

The  ratio  min.  over  max.  is  the  ratio  between  the 
minimum  and  maximum  stress  in  the  member.  For 
stress  all  live  load  the  minimum  stress  is  zero  and  the 
unit  is  10^000  lbs.  For  stress  all  dead  load  the  minimum 
and  the  maximum  stresses  are  equal  and  the  unit  is 
20,000  lbs.  This  agrees  with  the  method  previously 
iriven  for  these  two  cases,  but  for  intermediate  cases 
the  fatigue  method  give  somewhat  smaller  areas.  For 
members  whose  dead  load  stress  Is  diminished  by  the 
live  load  the  fatigue  formula  gives  larger  areas  than 
the  other  method. 

Some  specifications,  fortunately  not  many,  carry  this 
fatigue  formula  to  the  proportioning  of  rivets. 
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CHAPTER  XVIII. 
Estimating  Weights. 

It  is  possible  in  ordinary  work  to  estimate  the  weight 
of  steel  work,  from  the  detail  drawings  to  within  2% 
per  cent,  of  what  should  be  the  actual  weight.  In  sonve 
classes  of  work  there  will  be  closer  agreement  between 
the  estimated  and  the  actual  weights.  This  is  especi- 
ally true  where  there  are  no  wide  plates.  Steel  sections 
are  usually  rolled  with  a  view  of  securing  the  corred 
weights  as  given  in  manufacturer's  pocket  books,  thougli 
these  weights  do  not  always  give  the  exact  thickness 
of  metal  called  for  in  the  same  tables.  For  example, 
a  6  in.  X  6  in.  X  V^  in.  angle  may  be  rolled  in  groves 
cut  for  the  %  in.  angle  by  spreading  the  rolls.  But 
this  would  add  %  in.  to  the  length  of  legs,  if  the  thick- 
ness is  made  a  full  half -inch;  hence  to  preserve  the 
correct  weight  the  thickness  is  made  a  little  less  than 
%   in. 

In  making  the  estimate  of  a  part  of  a  structure  from 
a  drawing  the  pieces  may  be  tabulated  thus: 

2 — 3x3x%    angles  =  2x     x7.46  = 

3 — 9x%    plates  =  3x     xl.25  = 

2 — 6x%    Z    bars  =  2x     x  .92  = 

1 — 10"  I-beam  =  1x25x10.5  = 

25 — %-in.    riv.    heads  =  13.6x  .25  = 
The  lengths  of  pieces  are  put  down  in  decimal  form. 
The  blanks  are  left   (in   taking   off  the  material)   to  be 
supplied  later  from  the  tables. 

The  decimal  equivalent  for  any  length  in  feet,  inches 
and  fractions  may  readily  be  written  in  hundredths, 
without  reference  to  a  table,  if  a  few  decimals  be  kept 
in  mind.  An  eighth  of  an  inch  is  close  to  a  hundredth 
of  a  foot.  If,  then,  it  be  remembered  that  9  in.  is  .75  ft. 
9^  In.  is  .79  ft.  (adding  four-hundredths  for  the  half- 
inch).  Thus  by  remembering  the  decimal  equivalent 
for  each  inch  and  half-inch  in  a  foot  any  length  may 
be  written  to  the  nearest  hundredths  by  adding  or  sub- 
tracting for  the  eighths. 

Rivet  heads  are  to  be  counted  and  their  weight 
calculated    according    to    the    following    table: 


WEIGHTS  OP  RIVET  HEADS. 
Diameter    in    Ins.    %%         %         %         %imiH 
Wt.    per    100    ...    1.8     5.8     11.1     13.6     22,6     39.0  58.0     83!5 


Rivet  holes  are  not  often  considered,  unless  there 
are  many  in  the  piece.  Cuts  in  plates  are  to  be  de- 
ducted, or  else  allowance  may  be  made  in  the  length 
of  the  piece;  for  example,  a  plate  cut  oflF  on  a  bevel 
may  be  taken  as  shorter  in  length  by  half  the  amount 
of  the  bevel.  Trapezoidal  plates  should  be  calculated 
for  a  length  equal  to  half  the  sum  of  the  parallel  sides. 
Beams  and  channels  cut  off  on  a  bevel  may  be  calcu- 
lated for  their  length  on  the  center  line  of  web;  for 
angles  cut  off  on  a  bevel,  take  the  length  on  the  line 
through  the  center  of  gravity  of  the  section;  this  latter 
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may  be  estimated. 

Pin  holes  should  be  deducted  in  close  estimates  for 
shipped  weights.  Ordinary  washers  for  %"  or  %" 
rivets  weigb  about   1%   lbs.   per  inch  in   thickness. 

For  lattice  bars  add  about  the  width  of  the  bar  to 
the  distance  center  to  center  of  end  rivets. 

Wide  plates,  if  up  to  gragre  on  the  edges,  will  over- 
run in  thickness  in  the  middle  on  account  of  springringr 
of  the  rolls.  Wide  plates  are  therefore  allowed  to  over- 
run the  theoretical  weight  more  than  2%  per  cent. 
This  is,  however,  seldom  brought  into  the  calculations, 
unless  it  should  be  to  account  for  large  overweight  in 
pieces  containing  wide   plates. 

Tank  plates  are  sometimes  ordered  by  weight  per 
foot  In  such  cases  no  excess  weight  is  allowed  in  the 
estimate.  Such  plates  will  be  under  the  nominal  thick- 
ness on  the  lateral  edges. 

For  eye-bars  the  tables  show  the  additional  length 
of  bar  necessary  to  form  one  head.  From  the  weight 
thus  estimated  the  pin  hole  should  be  deducted  in  close 
estimates. 

For  pieces  not  detailed,  such  as  truss  members  or 
girders,  the  tie  plates,  pin  plates,  diaphragms,  stifPen- 
ers,  etc..  may  be  assumed  and  their  weight  estimated; 
this  will  be  added  to  the  weight  per  foot  of  the  member 
times  its  length.  The  allowance  per  lineal  foot  for  lat- 
tice bars  should  be  about  twice  the  weight  per  foot  of 
the  bar  for  each  line  of  lattice.  For  rough  estimates, 
as  in  finding  the  dead  weight  of  a  truss,  a  percentage 
may  be  added  for  details.  In  ordinary  work  add  2  to  4 
per  cent,  for  rivet  heads.  For  stiffeners  in  girders  add 
15  to  30  per  cent.  For  one  line  of  lattice  and  tie  plates 
add  10  to  20  per  cent.  The  greater  allowances  are  made 
for  lighter  work,  as  a  rule,  since  the  weight  of  details 
such  as  lattice  bars  would  be  about  the  same  in  light 
members  as  in  heavy  ones,  and  hence  a  larger  percent- 
age of  the  total.  In  plate  girders,  if  the  stiffeners  are 
spaced  close  and  if  they  have  fillers  against  the  web, 
they  will,  of  course,  weigh  nearer  the  upper  limit.  These 
percentages  are  to  be  added  to  the  estimated  weight  of 
the  bare  section,  that  is,  the  weight  of  the  section  per 
foot  by  the  length  of  member. 

An  approximate  method  of  obtaining  the  weight  of 
a  truss,  after  the  floor  system  and  bracing  have  been 
proportioned  and  the  weight  of  the  same  per  panel 
estimated,  is  as  follows:  Assuming  a  truss  weight  cal- 
culate the  dead  load  panel  load  and  add  to  this  the 
live  load  panel  load.  With  this  total  panel  load  com- 
pute the  chord  stress  at  middle  of  span.  From  this  find 
an  approximate  area  of  chord  section  using  an  average 
unit  stress,  say  10,000  lbs.,  for  railroad  work  and  13,000 
lbs.  for  highway  work.  Then  find  the  weight  per  lineal 
foot  for  this  chord  section,  adding  25  per  cent,  for  de- 
tails. Three  times  this  chord  weight  will  be  approxi- 
mately the  truss  weight  per  lineal  foot.  This  Is  on  the 
assumption  that  the  web  of  a  truss  weighs  about  the 
same  as  either  chord,  or  about  half  as  much  as  the 
sum  of  the  chords.  In  order  to  ascertain  the  relative 
weights  of  top  chord  (including  inclined  end  posts), 
bottom  chord,  and  web,  the  shipped  weights  of  50  truss 
spans  were  taken,  these  parts  being  separated.  The 
spans  varied  between  90  and  363  feet.  The  average 
of  all  of  these  weights  showed  that  the  top  chords 
contained  38  per  cent,  of  the  truss  weight  and  the  webs 
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and  bottom  chords  contained  each  31  per  cent  For  the 
individual  trusses  the  percentages  for  top  chords  varied 
between  29  and  48;  for  bottom  chords,  between  21  and 
38;  for  webs,  between  20  and  46.  The  top  chord  weight 
will  predominate  in  long  pin-connected  spaiM  and  in 
declc  spans  in  which  the  upper  chord  carries  ties^  The 
weight  of  web  was  found  to  predominate  in  some  short 
lattice   spans. 

Theoretically  the  minimum  weight  of  a  truss  qr 
girder  occurs  when  the  weight  of  the  web  equals  the 
sura  of  the  weights  of  the  two  chords.  This  mliMn^W> 
weight  is,  however,  seldom  realized  for  the  reason  that 
the  depth  of  girder  or  truss  to  bring  about  this  theo- 
retical condition  is  relatively  ej^cessive.  Wide,  tl^B 
web  plates  are  apt  to  be  buckled,  and  they  require 
many  stiffeners.  Long  compression  members  in  high 
trusses  tend  toward  the  upper  limit  of  slenderness^  and 
rigidity  Is  impaired.  These  things  work  against  econ- 
omy as  determined  theoretically. 

The  following  is  quoted  from  "Steel  in  Construction" 
(Pencoid  Iron  Works).  "Iron  roofs  having  a  slope  of 
2  to  1.  and  trusses  about  15  feet  apart  will  approximate 
in  weight  as  follows  per  square  foot  of  building  area: 
Weight  of  material  in  frame,  including  trusses  and 
purlins,    but    not    covering: 

Truss  of  75  to  100  feet  span,  8  to  10  lbs.  per  sq.  ft 

Truss  of  50  to     76  feet  span,  7  to    8  lbs.  per  sq.  ft 

Truss  under  50  feet  span,  5  to  7  lbs.  per  sq.  ft 

Mr.  C.  W.  Bryan,  in  Johnson's  "Framed  Structures,** 
gives  as  the  weight  of  the  metal  work  in  trusses  and 
purlins  one  twenty-flfth  of  the  8pan+4  lbs.  per  sq.  foot 

The  weight  of  the  bents  and  their  bracing  in  a  viaduct 
may  be  found  approximately  by  Arst  computing  the  area 
of  the  profile  of  the  viaduct,  that  is,  the  area  of  a 
vertical  section  on  the  line  of  the  bridge  bounded  by 
the  floor  line  and  a  line  through  the  column  footinga 
In  finding  this  area  the  length  of  each  span  is  multiplied 
by  one-half  of  the  sum  of  the  heights  of  supporting 
bents.  In  a  single  track  railroad  or  an  ordinary  high- 
way viaduct  the  weight  of  the  bents  and  their  bracUg 
will  be  about  6  to  9  lbs.  per  sq.  ft  of  profile  for  bracing 
of  rods  and  about  10  to  12  lbs.  per  sq.  ft.  for  stln 
bracing.  In  double  track  railroad  viaducts  the  weight 
per  sq.  ft.  of  profile,  for  stiff  bracing  will  be  about 
15   lbs. 

The  weights  per  foot  of  deck  plate  girder  railroad 
spans  can  be  estimated  reasonably  close  before  the  pre- 
liminary design  is  made.  This  Is  on  account  of  the 
regularity  In  these  spans  as  usually  made.  For  spanf 
of  this  type  the  total  weight  w  of  metal  per  foot  for 
length  1  end  to  end  of  girder  agrees  closely  with  the 
following: 

w=  9.81+3600^1  —  for  BJ  25  loading. 
w  =  10.5  1+3000 -r-I  —  for  B  30  loading. 
w  =  11.3  l+2400-^I — for  B35  loading. 
w  =  12.0  1+1900-r-l  —  for  E  40  loading. 
w=12.7  1+1300  4-1  — for  E  45  loading. 
For  E  50  loading  add  10  per  cent  to  E  45. 

These  formulas  are  for  single  track  spans,  with  ties; 
girders  about  1/12  to  1/10  of  the  span  In  depth. 

The  weight  of  the  girders  and  bracing  in  a  through 
plate  girder  span  will  be  about  the  same  as  the  total 
weight  of  metal  In  a  deck  span.  The  weight  of  a  floor 
system    of    beams    and    stringers    in    a    through    plate 
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girder  span  will  be  about  360  to  400  lbs.  per  foot  for 
spans  designed  for  loading:  up  to  class  £2  40,  and  400 
to  500  lbs.  per  ft.  for  classes  over  E2  40. 

In  deck  truss  spans  the  weigrht  of  a  floor  system 
of  beams  and  strinsrers  will  be  about  the  same  as  given 
above  for  through  girder  spans.  For  through  truss 
spans  the  floor  system  will  weigh  about  350  to  450  lbs. 
per  foot  per  track  for  spans  designed  for  loading  up 
to  class  B  40,  and  450  to  600  lbs.  per  ft.  per  track  for 
classes  over  B  40.  In  either  case  the  depth  of  floorbeams 
and  stringers  will  govern,  the  deeper  ones  being  usually 
lighter   in  weight. 

The  total  weight  of  truss  spans  cannot  be  estimated 
as  closely,  previous  to  the  making  of  the  design,  as  that 
of  girder  spans,  on  account  of  the  lack  of  uniformity 
in  these  spans.  The  weight  per  foot  of  two  trusses  for 
a  bridge  designed  for  class  B  30  loading  will  be  about 
4  to  5  times  the  span  length,  per  track;  and  the  weight 
for  a  bridge  designed  for  class  B  50  loading  will  be  about 
7  to  8  times  the  span  length  per  track.  For  loading 
between  these  classes  intermediate  values  may  be  used. 

In  the  weight  of  the  parts  outside  of  the  trusses 
and  floor  system,  namely,  bracing,  shoes,  etc.,  there  is 
little  uniformity.  A  summary  taken  from  the  shipped 
weights  of  nearly  100  bridges  showed  these  parts  to 
weigh  from  about  60  to  400  or  600  lbs.  per  foot  of  span. 
A  fair  average  for  single  track  deck  truss  spans  is  100 
to  150  lbs.  per  foot;  for  single  track  through  spans, 
1+50  lbs.  per  foot;  and  for  double  track  through  spans, 
H-lOO  lbs.  per  ft.  (I  =  span  length).  Summarizing  the 
above  would  give  the  following  formulas  for  average 
bridges  designed  for  light  and  for  heavy  traffic: 

iv=   4.5  1-f-  475,  Single  track  deck,   B  80. 
iv=   7.5 1-f-  675,   Single   track   deck,    B  60 
iv=   6.5  l4-  450,  Single  track  through,  B  30. 
ir=   8.5  1+  575,  Single  track  through,  B  50. 
iv=10.    l-j-  900,   Double  track   through,   B  30. 
w  =  16.    1+1150,  Double  track  through,  B  50. 

The  foregoing  formulas  for  girder  and  truss  spans 
are  for  ordinary  good  construction  proportioned  and  de- 
tailed according  to  Cooper's  Standard  Specifications.  If 
there  are  double  stringers,  or  shallow  floorbeams  and 
stringers,  or  If  the  girders  and  trusses  are  relatively 
shallow,   the   weight  will   be   increased. 

Mr.  J.  A.  L.  Waddell,  in  Trans.  Am.  Soc.  C.  E.,  Sept. 
1908,  gives  'curves  showing  the  weights  of  bridges  of 
different  styles  designed  for  Class  R  loading,  which 
is  about  equivalent  to  Cooper's  E  46  loading.  Reducing 
these  curves  to  formulas  for  the  weight  per  foot  they 
work  out  as  follows: 

S.  T.  D.  P.  a.  Spans,  w=.15  H-2100-M  (20  to  70  ft.  spans). 

S.  T.  D.  P.  G.  Spans,  w=14  1+155  (70  to  100  ft.  spans). 

S.  T.  Half  Through  P.  Q.  Spans,  w=13  1+760  (30  to  70  ft. 

spans). 
S.  T.  Half  Through  P.  G.  Spans,  w=16.8  1+575   (70  to  120 

ft.    spans). 
S.  T.  Through  Riv.  Pratt  Truss  Spans,  w=  8.8  1+780   (120 

to  200  ft.  spans). 
S.  T.   Through    Pin    C.    Pratt    Truss    Spans,    w  =  8.6  1+600 

(170  to   370   ft.   spans). 
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B,  T.  Througrh  Pin  C.  Petit  Truss  Spans,  w=  10.0 1—120 

(350  to   600  ft.  spans). 
D.   T.   Through   Rlv.   Pratt   Truss   Spans,   w= 21.5 1+82000 

•i-1   (100   to  200  ft   spans). 
D.  T.  Throusrh  Pin  C.  Pratt  Truss  Spans,  w  =  15.6 1+1100 

(180    to    350    ft.    spans). 
D.  T.  Through  Petit  Truss  Spans.  w=14.7  1+1550  (350  to 

600  ft.  spans). 

Mr.  H.  a.  Tyrrell,  in  R.  R.  Oazette,  Dec.  30,  1904, 
states  that  he  estimated  the  weight  of  spans,  bents,  and 
traction  bracing  In  a  single  track  viaduct  120  ft.  high, 
L]  50  loading,  towers  30  ft.  between  bents,  as  follows: 

Length  of  Inter-  Weights  per  Lineal  Foot 

mediate  Spans  Traction 

Spans        Bents         Bracing  Total 

30  433  1130  880  1948 

60  622  995  324  1941 

100  1117  800  270  2187 

It  Is  to  be  observed  that  this  Is  a  very  high  viaduct 
In  a  viaduct  of  ordinary  height  more  economy  In  steel 
would   be   shown   for   short   Intermediate   spans. 

The  weight  per  foot  of  I-beam  spans  for  E  45  loading 
was  found  to  be  about  19  times  the  length  end  to  end 
of   beams. 

The  floor  system  of  a  highway  bridge  carrying  two 
electric  railway  tracks  and  having  two  sidewalks,  all 
stringers  steel,  will  weigh  about  450  to  500  lbs.  per 
foot  The  weight  per  foot  for  the  two  trusses  for  tnls 
style  of  bridge  will  be  about  3  to  4  times  the  span 
length.  The  bracing  and  other  parts  should  weigh 
about  1+76  lbs.  per  ft  for  through  spans  or  75  to  150 
lbs.  per  foot  for  deck  spans. 

The  floor  system  of  a  highway  bridge  with  a  clear 
roadway  of  about  18  ft,  for  light  traffic,  having  no  side- 
walks, will  weigh  about  250  to  300  lbs.  per  ft  with  steel 
stringers,  or  75  to  100  lbs.  per  ft.  for  steel  floorbeams 
only.  The  weight  per  foot  of  the  two  trusses  will  be 
about  1.5  to  2  times  the  span  length.  The  bracing  and 
other  parts  should  weigh  about  50  to  125  lbs.  per  foot 
for  deck  spans  and  100  to  200  lbs.  per  foot  for  through 
spans. 

In  general,  riveted  trusses  will  weigh  more  than  pin- 
connected  trusses. 

For  rails  and  their  connections  and  splices  in  railroad 
spans  allow  a  weight  per  foot  of  50  to  75  lbs.  per  track, 
depending  upon  the  weight  of  rails  used.  In  ordinary 
work,  where  stringers  are  about  6%  feet  apart,  a  weight 
per  foot  of  400  lbs.  per  track  is  usually  allowed  for  ties 
and  rails.  For  ties  and  rails  on  ballasted  track  allow 
250  lbs.  per  ft.   per  track. 

Wood  is  usually  estimated  at  so  many  pounds  per 
foot  of  board  measure.  A  foot  of  board  measure  is  12 
square  inches  In  sectional  area  and  one  foot  long  or  12 
Ins.  square  and  one  Inch  thick.  The  weight  of  a  foot 
of  board  measure  in  oak  is  about  4%  lbs.;  In  yellow 
pine,  4  lbs.;  In  white  pine,  3  lbs.~  For  treated  timber 
use  5  lbs.  per  ft.  of  board  measure. 

Stone  concrete  is  usually  taken  at  150  lbs.  per  cubic 
foot  and  cinder  concrete  at  about  90  to  100  lbs.  pel*  cu. 
ft  Stone  ballast  10  inches  deep  may  be  estimated  at 
100  lbs.   per  square   foot. 
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A  brick  wall  weigrhs  about  10  lbs.  per  superAcial  foot 
per  inch  of  thickness. 

From  the  approximate  rule  that  the  section  modulus 
Of  a  standard  l  beam  is  nearly  equal  to  one- tenth  of  the 
product  of  the  weight  per  foot  and  the  depth  in  inches 
it  can  be  shown  that  the  weight  per  square  foot  of  floor- 
beams  designed  at  16000  lbs.  per  sq.  in.  is  nearly 
as  per  the  following  formula: 

w  I-' 

W= 

1000  h 
where  W= weight  per  sq.  ft.  of  the  floorbeams,  w  =  total 
weight  per  sq.  ft.  carried  by  the  same,  l=span  of  beams 
in  feet»  k=:  depth  of  beam  in  inches.  If  the  girders  are 
of  I  beams,  the  same  rule  will  apply  to  find  their  weight. 
For  example,  suppose  a  fioor  is  to  be  designed,  which 
is  supported  by  columns  15  feet  apart  in  each  direction. 
Assuming  the  floor  to  weigh  75  lbs.  per  sq.  ft.  and  the 
live  load  to  be  100  lbs.  per  sq.  ft.,  we  have  for  the  weight 
per  sq.  ft.  of  the  floor  beams,  using  9-in.  beams,  175x16- 
-r  1000x9  =  4. 4  lbs.  For  the  girders,  using  15 -in.  beams, 
we  have  2.6  lbs.  This  makes  a  total  weight  of  7  lbs. 
per  sq.  ft.  If  we  use  9  in.  21  lb.  I  beams,  spaced  6  ft., 
and  15  in.  42  lb.  beams  for  the  girders,  the  total  weight 
per  sq.  ft.  is  just  7  lbs.  This  formula  does  not  apply 
so  well  for  beams  heavier  than  the  standaY'd  or  lightest 
weight;  so  that  some  allowance  must  be  made  for  extra 
weight  where  beams  are  not  standard.  Also  some  allow- 
ance must  be  made  for  channels  along  the  wall,  as  the 
channels  weigh  more  than  one-half  of  the  I-beams.  Lin- 
tels and  spandrel  beams  also  add  weight  to  the  beam 
work  of  a  steel  frame  building. 

Mr.  T.  H.  Kindl,  in  a  paper  read  before  the  American 
Institute  of  Architects  at  Pittsburgh  in  1899,  gave  as  a 
rule  to  compute  the  weight  of  the  beam  work  in  an 
ordinary  steel  frame  building,  15  lbs.  per  sq.  ft.  of  all 
floors,  counting  the  roof  as  a  floor.  The  weight  of  the 
columns  in  the  same  style  of  building,  he  states,  will 
be  about  0.7  N*  P,  where  N  is  the  number  of  floors 
(counting  the  roof  as  a  floor)  and  P  is  the  number  of 
square  feet  in  each  floor.  This  will  work  out  about  2% 
to  2^  lbs.  per  cu.  ft.  for  the  total  weight  of  steel  in  a 
building. 

The  foregoing  is  for  buildings  having  tile  arch  floors. 
In  a  building  having  reinforced  concrete  floors  the  beams 
between  the  girders  are  usually  eliminated,  and  the 
weight  of  the  steel  work  will  be  less  on  that  account. 
It  is  not  economical  to  use  reinforced  concrete  slabs  of 
less  than  about  9  feet  of  span,  and  slabs  up  to  15  or  18 
ft.  are  common,  so  that  usually  the  slabs  can  rest  on  the 
girders. 

Another  basis  for  estimating  approximately  the  weight 
of  steel  work  in  a  building  is  the  cubical  contents  of 
the  building.  The  total  weight  of  steel  work  in  the 
Frick  Building,  a  19-story  office  building  in  Pittsburgh, 
is  14  018,000  lbs.  This  is  about  2.2  lbs.  per  cu.  ft.  of 
the  volume  of  the  building.  The  weight  of  steel  In  the 
Arrott  Building,  an  18-story  office  building  in  the  same 
city  is  2.944.000  lbs.,  or  about  2.8  lbs.  per  cu.  ft.  The 
Empire  Building,  a  12-story  office  building  in  the 
same  cltv,  contains  2,164,000  lbs.  or  about  2.1  lbs.  per 
cu.  ft.  The  Farmers  Bank  Building,  a  24-story  office 
building  in  the  same  city,  contains  12.220  000  lbs.  of 
■teel,  or  about  2.3  lbs.  per  cu.  ft.     The  McCreery  Build- 
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ing,  a  12-story  department  store  building:  in  the  same 
city,  contains  7,608,000  lbs.  or  about  1.8  lbs.  per  cu.  ft. 
The  Phipps  Power  Buildings,  a  ten-story  power  building 
in  the  same  city,  having:  boilers  on  second  and  third 
lioors,  and  a  steel  lined  coal  bin,  contains  5,742,000  lbs. 
of  metal  or  about  3.5  lbs.  per  cu.  ft.  The  Trust  Co. 
Building:  of  America,  an  office  building:  in  New  York, 
contains  about  6,800,000  lbs.  of  steel,  or  2.56  lbs.  per 
cu.  ft. 

Ligrht  mill  building:s  will  weig:h  10  to  15  lbs.  per  sq. 
ft.  of  area  covered.  Well  proportioned  mill  building:s 
should  wei^h  15  to  20  lbs.  per  sq.  ft.  of  area  covered. 
These  weigrhts  include  the  purlins,  trusses,  columns,  and 
the  bracing:  and  are  for  buildings  having:  lig:ht  wooden 
or  corrugated  iron  covering:.  If  the  buildings  have  a 
tile  roof,  add  5  lbs.  per  sq.  ft.  for  angles  or  tees  and 
the  added  weight  in  other  parts.  If  the  building  con- 
tains crane  girders,  add  3  to  10  lbs.  per  sq.  ft.  for  weight 
of  same  and  additional  weight  of  columns,  the  amount 
depending  upon  the  crane  capacity.  These  figures  are 
only  for  rough  estimates  to  obtain  the  approximate 
tonnage. 

The  following  will  give  an  approximate  idea  of  the 
weight   of  locomotive   turn-tables. 

King  Bridge  Co.'s  Standard  55 -ft.  turntable  for  86- 
ton  engines,   about  25.000   lbs. 

60-ft.  turntable  for  100-ton  engine,  about  36,000  lbs. 

70-ft.  turntable  P.  &  W.  R.  R.  about  47,000  lbs. 

60-ft.  heavy  turntable,  A.  T.  &  S.  Fe  R.  R.,  about 
63,000    lbs. 

75-ft.  heavy  turntable,  Penna.  Lines  West,  about 
103.000  lbs. 

The  following  data  are  taken  from  Engineering  Con- 
tracting, Oct.  7,  1908. 

The  longest  highway  truss  span  in  America  is  at 
New  Baltimore,  O.  The  trusses  are  465  ft.  long  and  66 
ft.  greatest  depth.  Width  between  trusses  25  ft.  No 
sidewalks.  I-beam  stringers  support  2% -in.  plank  floor. 
Highway  loads  only.     Weight  of  bridge,  1,000.000  lbs. 

A  long  highway  span  at  Hamilton,  O.,  has  trusses 
406  feet  long  and  50  ft.  greatest  depth.  Roadway  22  ft. 
clear.  Two  sidewalks,  each  six  feet  wide.  Bridge  de- 
signed for  16 -ton  electric  car  and  highway.  I-beam 
stringers  carry  buckle  plate,  concrete  base,  and  asphalt 
blocks.  Sidewalks,  concrete  slabs.  Trusses  calculated 
for  dead  load  of  5,000  lbs.  per  lineal  foot  of  span  and 
80  lbs.  per  sq.  ft.  on  roadway  and  sidewalks.  Weight 
of  steel  in  the  span  is  1,300,000  lbs. 

A  450-ft.  highway  swing  span  across  the  Connecticut 
River  has  trusses  26  ft.  apart,  greatest  depth  65  ft.  Span 
Is  rim  bearing.  No  sidewalks.  One  pair  steel  stringers 
for  electric  cars,  other  stringers  wood.  Plank  floor  in 
two  layers,  3-in.  and  2-in.  respectively  on  stringers  2% 
ft.  apart.  Total  weight  of  superstructure,  including 
drum  and   flooring  1,380,000   lbs.  .  „     .  ^      v 

The  longest  swing  span  in  the  world  Is  at  East  Omaha, 
Neb.  The  trusses  were  designed  for  a  live  load  of  ll.JoX 
lbs.  per  lln.  ft.  It  is  a  double  track  railroad  span.  520 
ft.   long.     Weight   3,900.000  lbs. 

A  450-ft.  double  track  swing  span  across  the  Ten- 
nessee River  on  the  Illinois  Central  R.  R.  weighs,  with 
the  turntable.  2,576,000  lbs.  ^  .     .     ,      .    «.     - 

Some  single  track  spans  over  the  Mississippi  River 
on  the  D.   R.  I.  &   N.   Ry.,   designed  in   the   floor  system 
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^)P  Cooper's  Class  E    40   and   in   the   trusses   for   B   8&. 
weifrh    as   follows: 

438-i't.  swing:  span,   includinsT   machinery 1,400,600 

361-f t.   span    1,039,100 

296-lt.  span    742,400 

200-ft.  span    ; 410,000 

A  334-ft.  four- track  swing  span  across  the  Drainage 
Canal  at  Forty-sixth  street,  Chicago,  on  the  C.  &  W. 
I.  R.  R.  weighs,  exclusive  of  the  operating  machinery, 
2.092,000   lbs.     This   bridge   has   only   two   trusses. 

A'  231-ft.  single  track  swing  span  across  the  St.  Joseph 
River  on  the  Pere  Marquette  Ry.  weighs  600,000  lbs. 

A  210-ft.  double  track  swing  span  across  the  Kinnlck- 
innic  River  on  the  C.  &  N.  W.  Ry.,  designed  for  about 
E  40  loading  weighs  1,200,000  lbs.  including  track,  ma- 
chinery, etc. 

The  longest  cantilever  railway  bridge  in  America  is 
the  Wabash  bridge  at  Pittsburgh,  Pa.  It  is  1.504  ft.  long 
exclusive  of  approaches.  The  channel  span  is  SI  2  feet 
long.  The  steel  towers  are  126  ft.  high  and  the  suspended 
span  is  00  feet  deep.  It  is  double  track,  designed  for 
about  E  45  loading.  Weight  of  superstructure  14,000,000 
lbs.  The  cost  of  the  superstructure  and  substructure 
was  $800,000  or  $533  per  lin.  ft.  (See  chapter  on  En- 
gineering Data  for  Beaver  Cantilever  Bridge). 

Another  cantilever  on  the  Wabash  R.  R.  at  Mingo 
Junction,  O.,  weighs  12,000,000  lbs.  exclusive  of  approaches 
This  bridge  cost  $577  per  lin.  ft.  The  channel  span  is 
700  feet.  Other  dimensions  are  about  in  proportion  to 
the  bridge  at  Pittsburgh. 

A  double  track  cantilever  bridge  at  Thebes,  111.,  con- 
sisting of  one  671-ft.,  two  521-ft.,  and  two  618-ft.  spans, 
2,750  ft.  in  all,  weighs  24,000,000  lbs.  This  superstructure 
cost  $1,400,000.  The  substructure  cost  $600,000.  The  total 
cost  was  thus  $800  per  lin.  ft. 

The  following  data  are  taken  from  Engineering  Con- 
tracting, Dec.  2,  1908. 

A  Schen^r  hignway  bridge  at  Halsted  St.,  Chicago, 
having  a  clear  span  of  121  feet  between  faces  of  abut- 
ments, a  total  length  of  276  ft.,  and  a  total  width  of  50 
feet,  designed  for  trolley  traffic,  weighs  (superstruc- 
ture), including  the  50-ft.  approach  spans,  820  tons,  of 
which  300  tons  is  counterweights.  The  bridge  cost 
$123,600. 

A  trunnion  bascule  highway  bridge  of  the  Page  type, 
at  Ashland  Ave.,  Chicago.  258  ft.  long,  168  ft.  c.  to  c. 
of  trunnions,  52  ft.  wide,  has  340,000  lbs.  of  steel  and 
620,000  lbs.   of  counterweights  in   each   leaf. 

In  a  fixed  trunnion  highway  bascule  bridge  at  Clay- 
bourn  place,  Chicago.  180  ft.  long  over  all,  60  ft.  wide, 
the  weight  of  each  leaf,  including  structural  steel,  cast 
iron  rack,  timber,  and  counterweights,  is  640,000  lbs. 
The  bridge  cost  $1,300  per  lin.  ft.  of  span  between  piers, 
or  $8j60  per  lin.  ft.  of  total  length. 

A  fixed  trunnion  highway  bascule  bridge  at  North- 
western Ave.,  Chicago,  having  a  total  length  of  361  ft., 
a  width  of  60  ft,  205  ft.  between  trunnions,  with  75  ft. 
and  17  ft.  approach  spans,  contains  2,180,000  lbs.  of  struc- 
tural steel,  1.400,000  lbs.  of  counterwelffht  pig  and  cast 
iron,  and  200,000  lbs.  of  machinery.  The  total  cost  of 
the  bridge   was    $296,700. 

In  a  discussion  on  lift  bridges  In  Proc.  Eng.  Soc.  of 
W.  Penna.,  Feb.,  1909,  the  author  gave  the  following  data: 

A  fixed  trunnion  bridge  wpg  built  at  Grand  Ave.,  Mil- 
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Waukee  In  1S02  (described  In  Engr.  News,  July  3,  1902, 
knd  in  Eng.  Kecord.  July  12.  1902).  Tlie  distance  c.  to  c 
of  trunnions  is  116  ft.  8  in.,  and  the  width  is  64  ft.  It 
was  proportioned  for  heavy  trolley  traffic.  The  total 
weight  of  steel  in  the  bridge,  including  approaches,  is 
855,b60  lbs.,  and  the  cast  iron  counterweights  weigh 
690,180  lbs.  The  swinging  girders  alone  weigh  260,580 
lbs.  Each  swinging  girder  of  this  bridge  is  supported 
on  a  separate  pier  16  by  32  ft.  A  load  of  12  tons  was 
allowed  on  each  pile  under  these  piers,  and  the  piles 
are  spaced  so  as  to  bring  their  center  of  gravity  close 
to  that  of  the  weight  of  the  pier  and  steel  work. 

Another  trunnion  bridge  at  Broadway,  Milwaukee, 
was  completed  in  1903.  This  bridge  is  56  ft.  between 
handrails,  128  ft.  2  in.  c.  to  c.  of  trunnions,  and  248  ft 
8  in.  long,  including  approaches.  It  was  also  designed 
for  heavy  trolley  traffic.  The  four  piers  are  each  26x16 
ft.  Each  leaf  is  operated  by  a  50  H.  P.  electric  motor. 
The  four  main  girders  weigh  268.400  lbs.  The  steel  work, 
including  approaches,  weighs  1,292,050  lbs.,  and  the  cast 
iron  counterweights  weigh  900,860  lbs.  (Described  in 
Eng.  News,  July  14.  1904). 

The  following  table  gives  weights  of  draw  bridges 
as  given  in  Engineering  Contracting,  July  7.  1909.  These 
are  the  weights  of  rim-bearing  draw  spans,  for  about 
E-46  loading  as  worked  out  by  the  Bridge  Department  of 
the  Illinois  Central  Railroad.  The  weights  include  ma- 
chinery and  all  metal  parts. 

Weights  of  Steel  In  SliiKle  Track  Draw  Bridsea. 

With  provision  for 
ballast  floors. 

100,000 
150,000 
280,000 
660,000 
1,320.000 
2.090.000 

Of  20  miles  of  double  track  elevated  railroad  in  Brook- 
lyn, built  up  to  1896.  the  weight  of  steel  was  about  1,300 
lbs.  per  lin.  ft.  Parts  built  from  1893  on  weigh  about 
1.500  lbs.  per  lin.  ft.  (See  Engineering-Contracting,  Oct. 
7    1908.) 

The  following  data  on  arch  bridges  are  taken  from 
Engineering-Contracting,    Nov.    4.    1908: 

The  Niagara  Falls  and  Clifton  steel  arch  bridge  is 
1.240  ft.  long  and  46  ft.  in  total  width,  with  a  main  span 
of  840  ft.  The  total  weight  of  steel  work,  including 
the  190  ft.  and  210  ft.  end  spans,  is  4.532.047  lbs.  There 
are  246.000  ft.  B.  M.  of  timber  in  the  permanent  flooring. 

An  arch  bridge  across  Nine-Mile  Run  at  Plttsburgn 
is  444  ft.  long  and  49  ft.  wide,  with  a  main  arch  span 
of  195  ft.  The  sidewalks  and  carriage  way  are  made 
of  buckle  plates  and  concrete,  the  carriageway  being 
paved  with  asphalt.  The  total  weight  of  metal  inclua- 
ing  handrailings  is  1.517.000  l6s.  The  contract  cost  was 
$86,534,  or  $195  per  lin.  ft.  ^     ^^  ^         _.   _ 

A  single  track  arch  bridge  across  the  Menominee  River 
on  the  C.  M.  &  St.  P.  Ry.  is  355  ft.  long  with  an  arcn 
span  of  207  ft.  It  was  designed  for  Cooper  E  50  loco- 
motives, followed  by  7,000  lbs.  per  ft.  The  weight  of  steei 
in  the  arch  span  is  480,000  lbs.,  and  In  the  approacn 
■nans  150.000  lbs. 
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Span 
ft. 

Without  provision  for 
ballast  floors 

75 
100 
150 
250 
350 
450 

80,000 

120.000 

230,000 

545.000 

1,100,000 

1.800,000 

CHAPTER  XIX. 
Shear. 

The  shear  in  any  frame,  or  grirder,  or  other  part  of  a 
structure  throusrh  a  sriven  plane  is  the  force  which  tends 
to  separate  the  parts  on  each  side  of  that  plane  by  caus- 
ing them  to  slide  on  each  other.  It  is  a  transverse  force 
and  distingruished  from  a  stress,  which  tends  to  pull  apart 
of  crush  and  a  bendinir  moment*  which  tends  to  cause 
failure  by  pulling:  /one  side  or  flangre  apart  and  crushing: 
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the  other  side  or  flang:e. 

Failure  due  to  shear  may  occur  in  several  ways.  Fig:. 
1  shows  some  of  these.  At  (a)  a  beam  is  shown  sheared 
near  each  support.  At  (b)  a  pin  plate  is  shown  sheared 
in  "front  of  the  pin."  At  (c)  a  beam  is  shown  which  has 
failed  by  long:itud!nal  shear.  Short  wooden  beams  are 
liable  to  fail  in  horizontal  shear;  as  the  capacity  of  wood 
to  resist  shear  "with  the  fiber"  is  small. 

When  a  piece  of  steel  is  sheared  in  two,  it  is  made  to 
fall  by  shear  in  the  plane  of  the  cutting:  edg:e  of  the 
shears.  It  is  just  this  conception  of  shear  that  should 
be  borne  in  mind,  namely,  that  of  an  upward  force  on  one 
side  of  a  plane  or  section  and  a  downward  force  on  the 
other  side,  both  parallel  to  the  plane. 

A  rivet  is  said  to  be  in  sing:le  shear  when  the  pieces 
joined  by  it  could  be  pulled  apart  by  shearing  the  rivet 
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once,  that  is  by  failure  through  one  plane.  The  area 
offering  resistance  to  sheaf  is  the  cross  section  of  the 
rivet,  or  a  circle  whose  diameter  is  the  diameter  of  the 
rivet.  When  a  rivet  is  In  double  shear,  it  could  not  fall 
without  rupture  in  two  planes. 

The  shear  at  any  section  of  a  beam  is  the  resultant 
of  all  the  vertical  forces  acting  on  the  beam  to  one  side 
or  the  other  of  the  section.  Ttie  shear  at  (a)  Fig.  2 
through  section  XX  is  —  Pj  that  through  YY  is  — P— <lj 
that  tnrough  ZZ  is  •— P— ^— R.  Tliese  are  negative  shears, 
the  force  on  the  left  of  the  section  being  down.  In  other 
words,  the  shear  at  ZZ  is  equal  to  the  sum  of  all  the 
forces  acting  on  the  left,  or  to  P  plus  <l  plus  R»  all  of 
these  being  assumed  to  be  negative,  as  explained,  the 
sum  is  negative. 

The  shear  at  (b)  through  section  WW  is  Rij  that 
through  XX  is  Ri— T$  that  through  YY  is  R^— T— t;  that 
through  WW  is  Ri— T — U — V,  or  — Ha 

The  vertical  shear  on  a  beam  of  rectangular  cross- 
section  is  not  uniformly  distributed  over  the  section, 
but  varies  from  zero  intensity  at  the  upper  and  lower 
edges  to  one  and  one-half  times  the  average  at  the  mid- 
dle of  the  section.  The  curve  of  intensity  of  the  shear 
is  a  parabola.  On  a  beam  with  flanges,  however,  the 
shear  is  practically  constant  over  the  web  for  the  en- 
tire depth,  and  its  intensity  is  found  by  dividing  the 
total   shear   by   the   area   of   the   web. 

The  shear  in  a  web  plate  Is  assumed  to  travel  in  lines 
at  46  degrees  with  the  vertical.  The  web  plate  may 
thus  be  considered  as  composed  of  strips  at  right  angles 
to  each  other  and  at  45  degrees  with  the  vertical,  simi- 
lar to  the  web  members  of  a  lattice  girder.  One  set 
of  these  strips  is  in  tension  and  the  other  is  in  com- 
pression. The  vertical  shear  in  any  section  is  the  sum 
of  the  vertical  components  of  all  these  diagonal  strips 
that  would  be  cut  in  that  section.  It  is  thus  seen  that 
if  a  horizontal  section  were  cut,  the  Intensity  of  shear 
or  the  shear  per  unit  of  area  would  be  found  to  be  the 
same  as  in  the  vertical  section  at  the  same  point.  This 
horizontal  shear  must  be  provided  for  In  the  longitudinal 
direction  of  the  beam.  It  is  this  that  gives  the  incre- 
ment to  the  flange  stress.  The  rivets  in  the  flange 
angles  of  a  built  beam  or  girder  should  be  proportioned 
to  take  this  horizontal  shear,  by  providing  rivets  enough 
fn  each  foot  to  take  the  shear  per  foot  run,  or  the  shear 
in  a  foot  of  the  depth  of  the  beam.  The  depth  of  the 
beam  in  this  case  is  the  effective  depth  or  the  distance 
center  to  center  of  gravity  of  flanges.  This  Is  further  dis- 
cussed under  plate  girders. 

As  stated,  wooden  beams  of  short  span,  heavily  loaded, 
are  liable  to  fall  by  horizontal  shear.  The  intensity 
of  shear  on  the  rectangular  section  would  be  50  per 
cent  greater  at  the  middle  of  the  depth  of  the  beam  than 
the  average.  This  should  be  taken  Into  account  and 
the  beam  proportioned  to  resist  50  per  cent  more  than 
the  average  Intensity  of  vertical  shear  on  any  section, 
the  shearing  unit  being  what  the  wood  is  capable  of 
resisting  along  the  grain.  The  reason  why  short  beams 
are  more  liable  to  fail  by  shear  Is  because  a  beam  will 
stand  more  total  load  on  a  short  span,  and  will  therefore 
have  a  greater  end  shear.  Also  the  short  beam  offers 
less  area  to  resist  the  horizontal  shear  In  the  length 
of  the  beam;  for  while  the  Intensity  of  shear  may  be 
found  to  be  sufficient  to  cause  failure  at  any  particular 

232 


Section,  thU  may  be  communicated  along:  the  beam,  thus 
bringingr  into  play  the  resisting:  properties  of  the  parts 
where  the  intensity  of  shear  is  smail. 

Wrought  iron  web  plates  are  objectionable  on  ac- 
count of  the  low  resistance  to  horizontal  shear;  since  the 
resistance  which  fibrous  material  offers  to  separation 
along:  the  fibre  is  comparatively  small.  An  example  could 
be  cited  of  plate  g:lrders  with  wroug:ht  iron  weos  which 
have  failed  by  horizontal  shear. 

It  has  been  seen  that  the  web  of  a  plate  grirder  must 
act  in  compression  in  order  to  carry  the  shear  along:  tae 
girder.  The  web  plate  may  fail  by  buckling:,  and  to 
prevent  this,  where  the  depth  between  fiang:es  is  suffi- 
cient to  require  it,  stiffener  angrles  are  introduced.  Where 
there  are  no  stiffeners  used,  the  unsupported  leng:th  of 
the  column  is  the  clear  distance  between  fiang:e  angrles 
in  a  diag:onal  direction.  If  the  stiffeners  are  spaced  so 
that  the  clear  distance  between  stiffeners  is  less  than 
that  between  flang:es,  this  column  leng:th  is  reduced.  The 
rational  formula  for  the  spacing  of  stiffeners  is  based 
on  the  column  formula,  reasoning:  along:  the  above  lines, 
and  is  of  the  form  g:iven  in  equation  (2)  of  this  chap- 
ter. 

Sometimes  in  the  g:eneral  desig:n  or  the  details  of  a 
bridge,  while  the  direct  stresses  are  taken  care  of,  the 
shears  are  neglected,  and  a  weak  design  results.  Thus 
the  wind  stresses  of  a  top  lateral  system  may  be  brought 
up  to  the  hip  of  the  truss  and  the  system  not  be  con- 
nected to  the  portal,  or  it  may  be  inefficiently  connected 
thereto.  Again,  in  a  roof  truss  the  gusset  plates  may 
be  made  large  enough  to  take  the  rivets  necessary  for 
the  stress,  as  shown  in  Pig.  3,  but  be  too  weak  in  shear 
in  a  section  such  as  XX.  This  plate  should  be  nade 
wider  in  the  direction  XX,  even  though  this  width  is 
not  necessary  from  the  standpoint  of  the  required  rivets 
in  the  chord. 


Fiq.3. 


The  intensity  of  the  horizontal  shear  at  any  section 
of  a  beam  is  the  product  of  the  vertical  shear  for  that 
section,  and  the  statical  moment  of  the  section  included 
between  the  plane  of  shear  and  the  extreme  fibres,  di- 
vided by  the  product  of  the  moment  of  inertia  of  the 
beam  section  and  the  thickness  of  the  beam  at  the  sec- 
tion where  the  shear  is  considered.  This  is  a  maximum 
at  the  center  of  depth  of  the  beam.  The  statical  moment 
18  the  sectional  area  into  the  distance  from  its  center  of 
grravity  to  the  plane  where  shear  Is  considered.  Thus 
lor  a  rolled  beam,  to  find  the  maximum  horizontal  shear, 
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the  statical  moment  is  tlie  product  of  the  area  of  the 
upper  or  lower  half  of  the  section  of  the  beam  and  the 
distance  of  its  center  of  gravity  from  tliat  of  the  entire 
beam.  In  a  rectang^ular  beam  the  statical  moment  for 
maximum  shear  is  one- half  of  the  area  of  the  rectangle 
multiplied  by  one-quarter  of  the  depth.  Substituting 
this  in  the  above  formula  it  is  seen  that  the  intensity 
of  shear  at  the  middle  of  the  depth  of  a  rectangular  beam 
is  one  and  one- half  times  as  srreat  as  the  result  obtained 
by  dividing  the  shear  by  the  sectional  area  of  the  rect- 
angle. In  rolled  beams  and  built  girders  the  intensity 
of  shear  approaches  the  result  obtained  by  dividing  the 
shear  by  the  product  of  web  thickness  and  depth  of  beam 
or  the  web  area. 

The  ability  of  the  web  plate  of  a  girder  to  take  shear 
and  the  correct  spacing  of  stiffeners  for  a  given  web 
plate  are  matters  that  have  brought  forth  much  discus- 
sion. In  theory  the  web  of  a  girder  needs  to  have  the 
stiffeners  closely  spaced,  if  the  buckling  stress  (from 
the  components  of  the  shear  in  compression)  is  not  to 
be  approached.  In  tests  the  web  will  stand,  without 
failure,  much  more  shear  than  this  theoretical  buckling 
stress.  The  reason  for  this  is  that  there  is  a  readjust- 
ment of  the  stresses  in  the  web,  when  this  buckling 
stress  is  reached,  and  that  tensile  stresses  acting  trans- 
versely with  the  compressive  stresses  tend  to  overcome 
the   buckling   effect   of   the   compressive    stresses. 

A  plate  girder  may  be  considered  as  a  lattice  truss 
whose  diagonal  web  members  are  strips  of  the  web 
inclined  at  an  angle  of  46  degrees  with  the  vertical  and 
crossing  one  another  at  right  angles.  The  strips  in- 
clining downward  toward  the  support  are  In  compression, 
and  those  inclining  upward  are  In  tension.  If  each  set 
of  strips  takes  half  of  the  shear,  the  diagonal  com- 
ponent of  the  shear  in  any  vertical  section  of  the  web 
will  be  one-half  of  the  shear  multiplied  by  the 
square  root  of  two.  The  area  cut  in  this  vertical 
section,  measured  transversely  with  the  tension  or  com- 
pression strips  Is  the  area  of  the  vertical  section  of  the 
web  multiplied  by  %  the  square  root  of  2.  Dividing 
this  area  Into  the  diagonal  component,  above,  we  have 
a  unit  tension  or  compression  In  these  strips  equal  to 
the  unit  shear  In  the  web. 

The  strips  'n  compression  are  columns  of  a  length 
equal  to  the  clear  depth  of  web  (or  clear  horizontal  dis- 
tance between  stiffeners)  multiplied  by  the  square  root 
of  two.  Call  the  square  of  this  length  2d%  Since  the 
column  Is  held  fixed-ended  by  the  flange  angles.  Its  length 
as  a  pin-ended  member  is  one-half  of  that  as  a  fixed-ended 
member,  and  the  square  of  this  half  length  Is  %  d^.  Now 
from  the  chapter  on  the  strength  of  compression  men^- 
bers  we  find  that  the  ultimate  load  that  a  slender  col- 
umn  will   carry   Is  expressed   In   the   following  formula: 

13         48  B 


If  we  assume  a  rectangle  of  thickness  t  (the  thlcK- 
ness  of  the  web),  we  find  that  the  square  of  the  radius 
of  gyration  Is  1/12  of  t^  or. 

I*  =   1/12  t2 

Substituting  for  K,  the  unit  shear  S,  we  have 
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1/2  d'         46  £ 


or 


1/12  t= 


5S 


SE 


(1) 

t-         5S 

SolvinsT  equation  (1)  it  is  found  that  when  il/t  is  200 
the  buckling  shearing:  unit  stress  is  1200  lbs.  per  sq.  in.: 
when  d/t  is  100  the  unit  is  4800  lbs.  per  sq.  in.  Because 
of  the  small  effect  of  the  actual  shear  on  the  web  whose 
ratio  is  200,  it  is  safe  to  limit  the  shear  per  sq.  in.  to 
two- thirds  of  this  buclding:  unit,  or  800  lbs.  per  sq.  in.; 
and  because  of  the  srreater  effect  of  actual  shear  on  a 
web  whose  ratio  is  100,  it  is  well  to  limit  the  shear  to 
one-half  of  the  buckling  unit,  or  2400  lbs.  per  sq.  in.  If 
intermediate  \inits  are  proportionately  reduced,  the  al- 
lowed units  between  these  ratios  will  asrree  closely  with 
the  common  formula  which  follows: 

8  =  12000-r- (l+d2^3000  t-) (2) 

A  formula  which  makes  use  of  the  actual  unit  shear, 
suen  as  equation  (2)  is  needed  for  thicker  webs;  so  that, 
in  view  of  the  agreement  between  equation  (2)  and  equa- 
tion a  J  modified  with  a  factor  of  safety,  equation  (2) 
can  be  used  with  confidence  for  all  ratios  from  200  down 
to  that  where  the  unit  would  be  equal  to  the  flat  unit 
allowed  on  the  gross  area  of  webs,  say  6000  lbs.  per  sq. 
In. 

The  units  allowed  by  equation  (2)  for  several  ratios 
are  shown  in  the  following:  table: 


Ratio   1  60  1  80  1  100  |  120  |  140 1  160 1  180  i  200 

Shear 
per  sq.  In. 

5450 

3830   2770 

2070 

1590 

1260 

1020 

840 

When  the  ratio  is  below  about  60,  and  the  unit  shear 
is  kept  within  6000  lbs.,  no  stiffeners  are  needed  . 

If  the  unit  shear  in  the  web  is  more  than  that  shown 
in  the  table  (for  the  ratio  d/t  existing)  stiffeners  are 
needed.  The  web  may  be  stiffened  with  vertical  ang-les 
80  placed  that  the  ratio  d/t  will  be  made  to  agree  with 
the  table.  The  irregular  spacing  of  stiffeners  involved 
by  this  method  can  readily  be  accomplished  in  a  deck 
girder.  In  through  girders,  however,  the  details  are 
complicated  on  account  of  the  regular  spacing  of  floor- 
beams.  It  is  recommended  that  for  deck  girders  the 
formula  be  used  for  the  spacing  of  stiffeners  and  that 
for  through  girders  the  stiffeners  be  spaced  the  depth 
of  the  web  apart  (not  exceeding  5  ft.  in  any  case),  when 
the  above  table  shows  that  stiffeners  are  needed. 
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CHAPTER  XX. 
Camber. 

Camber  is  the  name  applied  to  a  vertical  curve  in 
the  floor  of  a  bridgre  in  a  longritudinal  section.  Some- 
times a  considerable  rise  is  made  in  the  center  of  a  bridge 
for  esthetic  appearance  or  additional  clearance.  More 
commonly  camber  is  given  to  a  truss  or  grirder  merely 
to  prevent  the  dipping:  of  the  floor  under  the  load.  The 
amount  of  camber,  or  the  rise  of  the  curve  at  the  center 
of  span  should  therefore  be  equal  to  the  deflection  that 
would  result  from  the  full  uniform  load  on  the  bridge. 
The  cambering  of  a  bridgre  has  nothing  whatever  to  do 
with  its  strengrth. 

The  camber  in  a  truss  span  is  usually  made  by  length- 
ening  the  top  chord  sections  %'*  for  each  10  feet  of  their 
length.  For  example,  if  the  panel  length  is  20  ft  the 
bottom  chord  will  be  made  even  20  feet  longr  and  the  top 
chord  will  be  made  20' — 0%"  long.  The  lengths  of  the 
diagonals  should  be  computed  to  suit  these  chord  lengths, 
the  average  between  the  lengrths  of  top  and  bottom 
chords  being  taken  as  the  horizontal  side  of  the  right 
triangle.  This  method  of  counteracting  the  deflection 
is  based  on  the  assumption  that  the  total  change  in 
length  of  the  top  and  bottom  chords  will  be  %"  for  every 
ten  feet  of  span. 

For  highway  bridges  the  increase  in  lengrth  of  top 
chord  is  sometimes  taken  at  5/32  or  3/16  for  every  ten 
feet,  while  the  %"  is  used  for  railroad  bridgres.  This 
is  on  account  of  the  fact  that  unit  stresses  in  highway 
bridges  are  higlier  and  consequently  the  changre  in  length 
of  pieces  is  greater. 

The  foregoing  is  applied  principally  to  parallel  chords. 
For  a  truss  having:  Inclined  chords  the  more  correct 
method  is  to  And  the  camber  in  terms  of  the  rise  in 
the  center  of  span,  then  to  find  the  radius  of  curvature 
of  the  straight  chord.  Formerly  the  rule  employed  was 
to  make  the  rise  one-twelve- hundredth  of  the  span 
length.  Where  I  equals  the  span  in  feet,  C  equals  the 
camber  or  rise  in  inches,  1  equals  increase  in  length  of 
top  chord  per  panel  for  depth  d  of  truss  in  feet  and  ■ 
panels,  the  radius  of  curvature  is  very  nearly 

R  =  18l2-^e   (1) 

Also   the  following  is  nearly   true: 

l  =  8cd-Mii   (2) 

'  For  a  truss  with  inclined  chords  the  value  of  1  may 
be  taken  at  %"  per  10  ft.  of  panel  length,  and  substi- 
tuting the  greatest  depth  of  truss  in  equation  (2)  the 
camber  c  may  be  found.  Then  from  (1)  the  radius  of 
curvature  may  be  found.  From  these  data  the  shape  of 
the  trapezium  made  by  the  two  vertical  posts  and  the 
two  chords  will  be  determined,  and  the  length  of  inclined 
chord  and  of  the  diagonals  computed.  It  is  not,  in  fact, 
necessary  to  know  the  radius  of  curvature  of  the  chord, 
but  by  the  rate  at  which  the  two  posts  spread  apart  their 
distance  apart  at  any  point  may  be  found.  The  average 
of  the  distances  apart  at  the  two  ends  of  a  dlagronal  or 
Inclined   chord  is  the  base  of  a  right  triangle   and  the 
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length  along  the  post  is  the  altitude  for  computingT  the 
iength.  f 

For  irreerular  trusses  such  as  cantilevers  or  arches 
the  normal  shape  of  the  frame  may  be  secured,  when 
the  members  are  under  stress,  by  Increasing  the  lengths 
of  all  compression  members  and  decreasing  those  of  all 
tension  members  by  an  amount  equal  to  the  shortening 
or  lengthening  of  these  members  resulting  when  the 
full  uniform  load  is  on  the  bridge. 

Some  engineers  omit  camber  entirely  in  plate  girders, 
others  provide  the  camber  in  the  ties  by  dapping  them 
different  depths.  On  a  deck  girder  having  cover  plates 
this  method  has  the  advantage  of  preserving  a  greater 
depth  of  tie  where  the  cover  plates  thicken  up  at  the 
middle  of  span.  Sometimes  the  camber  is  provided  for 
half  in  the  girder  and  half  in  the  ties. 

Where  a  plate  girder  is  cambered,  the  usual  way  is 
to  make  up  the  difference  in  length  of  flanges  at  the 
web  splices,  the  rivet  space  at  the  splice  being  greater 
at  the  top  than  at  the  bottom.  Camber  may  be  given  to 
a  girder,  even  when  the  flanges  are  punched  alike,  by 
blocking  it  up  with  the  necessary  camber  while  assemb- 
ling in  the  shop.  On  the  other  hand  the  effect  of  punch- 
ing intended  to  give  camber  may  be  destroyed  by  lack 
of  proper  care  In  i^ssembling,  leaving  the  girder  straight 
or  even  with  a  dip.  It  is  best  to  provide  for  the  camber 
in  punching  the  flange  angles,  and  then  to  see  that  the 
camber  is  correct  in  the  girder  after  assembling. 

Much  time  and  trouble  are  often  wasted  on  the  mat- 
ter of  camber.  It  is  really  of  little  or  no  importance 
except  in  long  span  bridges.  • 
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CHAPTER  XXI. 
Curvatiire. 

Curvature  of  a  railroad  track  is  desifirnated  in  de- 
grrees.  The  degrree  of  curvature  is  the  emgie  at  the  cen- 
ter of  curvature  of  the  track  subtended  by  a  chord  100 
feet  in  length.  Thus  in  a  3  degree  curve,  if  a  chord 
100  feet  long  be  taken  and  from  the  extremities  of  this 
chord  radii  of  the  curve  be  laid  out.  the  angle  between 
these  radii  will  be  3  degrees.  The  straight  part  of  a 
track  is  called  a  tangent.  The  point  in  a  track  where  it 
begins  to  curve  from  the  tangent  is  called  the  point  of 
curve,  and  the  point  where  the  tangent  begins  is  called 
the  point  of  tangency.  Both  of  these  are  points  where 
the  straight  part  of  the  track  is  tangent  to  the  curved 
part  and  the  particular  designation  point  of  curve  (P.  C.) 
or  point  of  tangency  (P.  T.)  depends  upon  the  direction 
in  which  the  track  is  being  measured  or  has  been  meas- 
ured. When  a  curve  occurs  on  a  bridge  the  track  should 
be  placed  so  that  the  chord  of  the  curve  on  any  span  is 
parallel  with  the  center  line  of  the  span  and  that  center 
line  should  be  2/3  of  the  middle  ordinate  or  the  versed 
sine  of  the  curve  from  the  chord,  so  that  the  center  of 
gravity  of  the  curve  of  track  will  be  over  the  center 
of  span.  Very  often,  however,  the  versed  sine  is  bi- 
sected. 

To  find  the  degree  of  curvature  of  a  track  stretch 
a  line  62  feet  long  along  side  of  the  rail  and  measure 
the  middle  ordinate.  The  length  of  that  middle  ordinate 
or  versed  sine  in  inches  is  the  degree  of  curvature  of 
the   track,   very   nearly. 

The  product  of  the  radius  of  the  curve  and  the  degree 
of  curvature  is  approximately  5730  for  the  lower  degrees 
of  curvature,  or  RD  =  5730. 

Curves  on  railroad  work  are  of  course  avoided  as 
much  as  possible,  and  must  be  kept  within  certain  lim- 
its. A  maximum  curve  of  10  degrees  Is  the  limit  set  by 
some  engineers.  A  locomotive  cannot  pass  with  ease 
a  curve  sharper  fhan  about  16  degrees.  On  street  rail- 
road work  as  sharp  a  curve  as  35  ft.  of  radius  is  some- 
times used.  The  radius  of  curve  is  measured  to  the 
center   line   between    rails. 

The  angle  of  deflection  between  two  adjacent  chords 
100  feet  long  Is  equal  to  the  degree  of  curvature  of  the 
track.  The  angle  of  deflection  between  a  tangent  and 
the  100-foot  chord  from  the  point  of  tangency  is  equal 
to  one-half  of  the  degree   of  curvature. 

The  outer  rail  of  a  railroad  track  Is  raised  an  amount 
depending  upon  the  degree  of  curvature  of  the  traefc. 
the  inner  rail  being  kept  at  grade.  This  super-elevation 
of  the  outer  rail,  according  to  the  recommendation  or 
the  American  Railway  Engineering  and  Maintenance-oT- 
Way  Association  (Trans.  Vol.  3)  Is  given  by  the  follow- 

ing  formula:  ^     ^«  ^  ,  « 

E  =  GV«-=-32.16R 

in   which 

E  equals  elevation  in  feet, 

238 


C  equals  standard  gage,  4.70$  feet, 
V  equals  velocity  in  feet  per  second, 
U  equals  radius   of  curve  in  feet. 

This  is  for  ordinary  practice.  For  a  speed  of  40  miles 
per  hour  this  gives  very  close  to  one  inch  of  elevation 
for  every  degree  of  curve.  In  calculations  affecting  the 
strength  of  a  bridge  it  is  close  enough  for  all  practical 
purposes  to  assume  that  the  train  will  be  tilted  toward 
the  inner  rail  an  amount  corresponding  to  a  supereleva- 
tion of  one  inch  per  degree  of  curve. 

The  Association  above  referred  to  further  recommends 
that  the  superelevation  be  not  greater  than  eight  inches 
in  any  case,  and  if  the  formula  would  give  a  greater 
value  than  this,  speed  shall  be  reduced  until  8  inches 
gives  satisfactory  results.  They  state  that  it  is  quite 
safe  to  run  trains  ten  miles  an  hour  faster  than  any 
given  elevation  of  rail  would  show  by  the  above  for- 
mula to  be  the  correct  velocity.  In  ordinary  practice 
they  recommend  that  the  elevation  be  run  out  at  the 
rate  of  one  inch  in  60  feet,  or  for  the  length  of  the  ease- 
ment curve  or  spiral,  if  one  be  used. 

The  elevation  of  the  outer  rail  is  usually  effected  by 
raising  one  end  of  the~  tie,  either  by  dapping  the  inner 
end  of  tie  more  than  the  outer,  or  by  using  a  wedge 
under  the  rails  or  under  the  tie,  or  by  cutting  the  tie 
itself  deeper  at  the  outer  end  than  at  the  inner  end. 
The  latter  is  preferable  for  ordinary  work.  On  very 
sharp  curves  sometimes  the  elevation  is  made  in  the 
stringers.  In  girder  work  the  girders  are  very  often 
tilted. 

Centrifugal  force  is  found  by  any  one  of  the  follow- 
ing formulas: 

F=Pv2h-kR (1) 

F  =  .0000117  V^DP    (2) 

F  =  .0003407  PT-R    (3) 

in  which 

P  equals  load. 

V  equals     velocity  in  feet  per  second, 

V  equals  velocity  in  miles  per  hour, 
D  equals  degree  of  curve, 

K    equals  32.16. 

T  equals  revolutions  per  minute, 

R  equals  radius  of  curve  in  feet 
Formula  (2)  will  be  used  in  calculating  the  centrifugal 
force  of  a  train  on  a  curved  track. 

The  force  P  is  equivalent  to  a  horizontal  load.  This 
must  be  taken  by  the  lateral  system  and  will  be  treated 
In  all  respects  ns  the  moving  load  of  a  train.  It  is  best 
to  find  the  equivalent  uniform  load  to  agree  with  the 
given  span.  According  to  Cooper's  Specifications  the 
Velocity  for  which  centrifugal  force  calculations  are  to 
be  made  is  60 — 3D  miles  per  hour..  Using  this  velocity  and 
formula  (2),  the  coefficients  are  found  to  be  according  to 
the  following  table: 


Degree  of  Curve|    I|2|3|4|5|6i7i8|9|10 
Coefficient  |.038|.068I.091I.108!.119'.124!.125!.121I.115I.105 

These  coefficients  give  the  fraction  of  the  live  load 
to  be  applied  as  a  horizontal  load  at  the  level  of  the 
lateral  system.     From  Fig.  1  it  is  seen  that  the  applied 
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force  F  (usually  assumed  5  feet  above  the  base  of  the 
rail)  and  the  resisting  force  in  the  plane  of  the  laterals 
form  a  couple.  To  resist  this  there  must  be  a  couple  of 
equal  moment.  This  means  an  added  load  on  the  out- 
side stringier  and  a  corresponding  relief  on  the  inside 
strinsrer.  The  amount  of  this  added  load  on  the  outside 
stringer  is  FH-^9.  It  is  to  be  noted  that  F  is  a  part  of 
the  load  per  track  and  not  of  that  per  stringer.  The 
figure  assumes  that  the  lateral  system  is  in  the  plane 
of  the  top  flange  of  stringer.  (H  should  be  measured 
to  the  lateral  system  in  any  case.)  For  the  main  girders 
the  laterals  may  be  at  the  bottom  flange  of  stringers. 
It  is  customary  to  place  the  track  so  that  the  reaction 
on  the  two  stringers  would  be  equal  If  the  train  stands 
vertical.  The  elevation  of  the  outer  rail  will,  however, 
tilt  the  train  an  amount  d«  which  would  diminish  the 
reaction  on  the  outside  stringer.  It  is  near  enough  to 
take  this  distance  d  equal  to  the  elevation  of  the  rail 
in  inches  and  that  equal  to  the  degree  of  the  curve. 


Fig. I. 


If  the  superelevation  of  the  outer  rail  Is  correct  for 
the  speed  used  there  should  be  equal  load  on  the  two 
rails,  hence  equal  loads  on  the  two  girders.  It  is  reason- 
able to  assume  that  this  is  the  case,  hence  the  only 
effect  of  centrifugal  force  on  the  girder  is  an  added  stress 
in  the  flange  of  the  girder  which  acts  as  a  chord  for 
the  lateral  system.  To  find  this  stress  the  live  load 
bending  moment  per  track  for  the  span  of  the  grirder 
(or  twice  the  moment  on  one  girder)  is  to  be  multiplied 
by  the  coefficient  in  the  above  table  for  the  proper  de- 
gree of  curve,  and  this  Is  to  be  divided  by  the  distance 
between  girders.  This  stress  should  be  treated  as  an 
added  stress  in  the  girder  flange.  Both  girders  may  have 
the  flange  in  the  plane  of  the  laterals  increased  in  sec- 
tion for  this  stress  (for  the  sake  of  symmetry),  or  only 
the  one  whose  direct  stress  Is  augmented  thereby. 

For  the  centrifugal  force  In  the  lateral  system  the 
uniform  load  per  foot  to  give  the  same  live  load  bending 
moment  per  track  is  to  be  multiplied  by  the  coefficient 
in  the  above  table,  and  this  is  to  be  treated  as  a  hori- 
zontal  moving  load   similar   to   the   wind   load. 

Plates  I  to  IV  illustrate  various  methods  of  elevat- 
ing the  outer  rail  on  bridges  carrying  curved  tracks. 
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CHAPTER  XXII. 
Grade. 

Orade  is  designated  by  percentase.  A  grrade  of  one 
per  cent,  means  tliat  the  rise  in  the  road  or  track  is 
one  root  for  evemr  hundred  feet  of  horizontal  lensrth  of 
tlie  same.  A  100  per  cent.  gTa.de  is  on  an  angle  of  45 
degrees.  The  grade  is  the  tangent  of  the  angle  of  in- 
clination to  the  horizontal.  Grades  on  steam  railroad 
lines  usually  run  less  than  one  per  cent.  A  3  ^  per  cent, 
is  considered  very  heavy  and  is  the  maximum  used  on 
some  roads.  For  street  railway  or  vehicle  traffic  a 
grade  of  8  per  cent,  is  very  heavy  for  a  bridge.  The 
upper  limit  of  grade  is  about  8  per  cent,  in  a  viaduct  and 
about  6  per  cent,  in  a  bridge.  The  floor  of  a  bridge 
on  an  8  per  cent,  grade,  if  not  made  of  blocks*  should 
have  cleats  nailed  across  at  intervals  to  prevent  horses' 
feet  from  slipping.  On  any  kind  of  smooth  floor  it  would 
be  difficult  for  horses  to  keep  their  feet  in  hauling 
loads.  On  streets  9^  per  cent,  is  a  very  steep  grade 
for  traction  lines.  This  is  about  the  maximum  In  the 
Pittsburgh  district,  which  is  noted  for  hilly  streets. 

On  the  Pittsburgh,  McKeesport  &  Connellsville  Rail- 
way, in  McKeesport  and  in  Oreensburg,  Pa.,  there  were 
at  one  time  several  grades  of  12  per  cent.  One  short 
stretch  of  track  in  the  last  named  city  was  13  per  cent. 

Usually  no  allowance  is  made  in  the  calculations  of 
stresses  for  the  effect  of  the  grade  of  a  bridge  whose 
floor  is  not  horizontal.  Posts  in  a  truss  are  almost  in- 
variably set  at  right  angles  to  the  floor  line  for  sim- 
plicity of  detail  and  for  symmetry.  The  floorbeams  are 
thus  made  normal  to  the  floor. 

The  posts  of  a  viaduct  are  usually  placed  in  vertical 
planes.  Beams  and  girders  resting  on  the  tops  of  col- 
umns or  on  masonry  usually  have  bearing  plates  planed 
to  a  bevel  to  flt  the  grade.  In  some  track  elevation 
work  in  Chicago  heavy  spans  on  a  grade  were  given  a 
bed  in  the  masonry  to  suit  the  grade,  instead  of  resting 
on  leveled  masonry.  The  cast  bases  of  the  girders,  hav- 
ing their  bottom  surface .  parallel  to  the  graJe,  were 
bolted  up  to  the  girder  and  grouted.  Some  of  the  spans 
bad  the  outer  girders  higher  on  account  of  the  curve, 
and  this  method  avoided  the  calculating  and  fltttng  for 
a  complex  double  bevel. 
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CHAPTER  XXni. 
Provision  for  Expansion  and  Contraction. 

For  every  100  desires  F.  of  difference  in  temperature, 
a  bar  of  steel  will  expand  or  contract  0.00065  of  its 
length.  For  125  degrrees  the  usual  extreme  variation 
in  temperate  latitudes,  a  bar  100  feet  Ions  will  expand 
or  contract  Just  about  one  inch.  The  usual  allowance 
for  expansion  and  contraction  in  steel  bridges  is  one 
inch  for  every  hundred  feet  of  span.  Some  specifications 
require  that  a  variation  of  150  decrees  be  provided  for. 
It  is  common  practice  for  spans  up  to  75  feet  to  allow 
one  end  of  the  bridgre  to  slide  on  the  supports,  while 
the  other  end  is  firmly  bolted  to  the  masonry.  Above 
75  feet  rollers  or  rockers  are  used.  For  slidingr  ends 
the  plates  are  usually  planed,  so  as  to  reduce  friction 
and  grive  a  more  uniform  bearing^.  This  is  very  essential 
for  longrer  spans  or  spans  of  extra  heavy  dead  weight. 
It  is  unnecessary  for  spans  up  to  25  or  30  feet. 

The  phenomena  of  expansion  and  contraction  as  ob- 
served in  existing:  structures  are  not  what  would  be 
expected  from  a  knowledgre  of  the  laws  groverning  these 
phenomena.  Roller  supports  of  spans  one  hundred  feet 
or  more  with  the  rollers  embedded  in  dust  and  dirt 
caked  around  them,  showingr  no  sign  of  movement,  are 
no  uncommon  sight.  The  author  has  in  mind  a  continu- 
ous lattice  girder  bridge  about  900  feet  long,  in  five 
spans,  in  which  only  one  support  was  designed  to  be 
fixed.  There  is  no  sign  of  movement  having  taken  place 
in  recent  years  at  any  but  the  end  supports.  It  is  prob- 
able that  the  piers  (which  are  high)  rock  with  the  ex- 
pansion and  contraction  of  the  steel  work. 

The  tendency  among  engineers  seems  to  be  to  pay 
less  attention  to  expansion  and  contraction  in  steel  work 
than  formerly,  especially  in  buildings.  Where  formerly 
steel  buildings  were  provided  with  expansion  Joints  at 
Intervals,  they  are  now  built  hundreds  of  feet  long,  with 
no  provision  whatever  for  expansion. 

It  seems  to  be  an  unnecessary  precaution  to  make 
expansion  details  in  such  cases  as  between  the  posts 
of  a  viaduct  tower.  Holes  for  anchor  bolts  are  usually 
from  ^  to  %  inch  larger  in  diameter  than  the  bolts: 
this  seems  to  be  ample  to  take  care  of  the  expansion 
in  25  or  30  feet  between  viaduct  posts.  Again  for  via- 
duct spans  resting  on  single  bents  not  braced  longi- 
tudinally expansion  can,  with  safety,  be  taken  by  the 
deflection  of  the  posts,  and  need  not  be  especially  pro- 
vided for  except  at  the  towers. 

It  is  by  deflection  of  the  columns  of  a  mill  building 
that  the  expansion  and  contraction  of  the  upper  steel 
work  is  taken  up.  In  a  building  having  brick  walls  and 
kept  heated  in  cold  weather  the  extreme  variation  in 
temperature  is  small  and  the  expansion  and  contraction 
of  the  steel  amounts  to  but  little. 

Sometimes  the  ends  of  a  truss  span  or  girder  span 
are  supported  on  a  rocker  bent.  This  consists  of  two 
posts   pinned   at   each    end    and   braced    together   trans- 
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versiy.  This  allows  expansion  and  contraction  with  a 
minimum  amount  of  friction.  Rocker  bents  have  been 
used  for  spans  several  hundred  feet  longr.  When  well 
braced  there  is  no  reason  why  they  cannot  be  used  for 
spans  of  any  lengrth.  No  detail  affords  better  facilities  for 
anchoringr  and  at  the  same  time  allowing:  expansion  and 
contraction,  as  in  the  case  of  the  support  of  the  anphor 
arm   of  a  cantilever  span. 

Girders  are  sometimes  supported  on  rocking:  hang'ers. 

The  usual  form  of  expansion  detail  is  a  set  or  nest 
of  rollers.  The  largrer  the  diameter  of  rollers  used  the 
less,  will  be  the  friction  and  also  the  less  liability  of 
the  rollers  to  lose  their  roundness  by  rust.  In  order  to 
make  the  diameter  as  lar^e  as  possible  and  at  the  same 
time  not  take  up  too  much  space  on  the  pier,  seg-mental 
rollers  are  often  used.  These  are  flattened  on  the  sides 
so  that  their  centers  can  be  brought  closer  togrether. 
Regrmental  rollers  should  be  placed  as  near  vertical,  in 
erection,  as  possible,  if  erected  in  normal  temperature; 
%is   the  amount  of  motion  allowed  is  limited. 
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dHAPTfift  XXIV. 
Tractive  Stresses. 

Tractive  stressee  are  t'hose  caused  by  the  tShldden 
stopping  of  a  train.  The  slLAlfisr  frtotion  <9f  the  *v99tetfia 
on  the  vail  Is  -umiaHy  «ssurae«l  to  have  «.  co€ffll<sl%ht  of 
two-tenths.  That  is,  a  feoriaontal  force  two'^emths  of 
the  weigrht  of  the  timln  Is  exerted  at  the  leivel  of  the 
rail,  when  the  train  is  suddenly  stopped.  The  amotint 
of  the  tractive  force  on  a  span  would  ^en  be  two*telith8 
of  the  lockd  that  may  come  on  the  span.  In  a  viUdQCt 
this  horizontal  force  is  provided  for  by  braoihg  between 
the  poets.  A  viaduct  is  usuaHy  composed  of  short  and 
lonR  spans  alternatlngr;  the  longltttdinal  foracHife:  Is  placed 
in  the  short  span.  Four,  posts  braced  thus  lori^ttudtitally 
and  braced  transversely  with  the  wind  bracing:  constttute 
what    is    called   a   tower.  • 

For  ordinary  spans  resting:  on  masonry  the  tractive 
force  is  negrl acted  at  the  supports  as  the  friction  on  these 
supports  is  greater  than  that  of  the  train  on  the  raila 
In  spans  having:  string:ers  and  lloorbeams,  if  the  laterals 
are  not  riveted  to  the  string:ers  at  intersections,  the 
string'ers  should  be  braced  to  the  chords,  so  as  to  re- 
lieve the  lloorfoeam  of  transverse  strain.  Fig*.  1  shows 
a  panel  of  a  truss  bridg:e  where  the  stringer  bracing  is 
separate  from  the  main  lateral  bracing  of  the  trusa 
Two  braces  a  and  b  are  added  to  take  the  tractive  force. 
These  need  not  be  in  every  panel.  Suppose  them  to  be 
in  the  end  panels  in  this  case.  The  tractive  fprce  will 
be  two-tenths  of  the  live  load  carried  by  the  truss,  and 
this  will  be  divided  among  the  four  braces,  the  stress 
being  the  longitudinal  force  multiplied  by  the  secant  of 
the  inclination  of  the  brace  with  the  stringer. 
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In  a  tower  supporting  two  spans  adjacent  to  itself 
it  is  necessary  to  provide  for  the  tractive  force  due  to 
the  live  load  that  may  come  on  the  tower  and  half  of 
that  on  each  span.  That  is,  two-tenths  of  the  maximum 
live  load  that  may  be  taken  by  the  tower  is  considered 
as  a  horizontal  force  applied  at  the  base  of  the  rails  in 
a  longitudinal  direction.  Where  the  spans  slide  on  the 
supports  at  expansion  ends,  as  is  usually  the  case  in 
viaducts,  it  is  not  necessary  to  consider  that  the  slid- 
ing end  takes  any  less  of  the  tractive  force,  as  the  slid- 
ing friction  on  the  supports  is  greater  than  that  on 
the  smoother  surface  of  the  rail;  besides  there  is  ad- 
ditional weight  from  the  dead  load  of  the  bridge,  u 
roller  or  rocker  details  are  used  at  one  end  of  a  span, 
the  tractive  force  should  all  be  taken  at  the  other  end. 
If  there  are  single  bents  between  towers,  the  towers  must 
take  the  tractive  force  for  loads  resting  on  these  bents. 
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CHAPTER  XXV. 
Notes  on  Braw  Bridges. 

There  tire  several  kinds  ©f  draw  brhlsres;  some  t>f 
special  patented  types  and  others  not.  The  most  oom- 
mon  type  is  the  swlns:  bridgre  which  revolves  on  a  pivot 
pier.  Other  types  have  direct  vertical  lifts  and  others 
are  bascule  spans  on  trunnions  or  on  rockers  at  the 
abutment. 

Selection  of  Typo.  The  selection  of  the  type  of  draw- 
span  most  appropriate  is  largely  governed  by  the  sur- 
rounding conditions.  In  open  country  where  land  is 
cheap  and  on  wide  streams  the  plain  swing  span  is  usu- 
ally best.  Under  crowded  conditions  and  across  narrow 
openings,  and  in  any  case  where  a  center  pier  is  ob- 
jectionable, the  bascule  type  Is  usually  best.  Generally 
the  swing  Span  is  the  most  easily  operated  and  kept 
in   order. 

Swte(g  Spano.  Usually  the  two  arms  of  a  swing  span 
are  equal.  Sometimes  it  is  necessary  to  make  one  arm 
shorter  than  the  other. .  In  such  case  the  short  arm  is 
counterweftghted  so  that  the  bridge  will  balance  over 
the  pier. 

Swing  spans  are  of  two  types,  namely,  center-bearing 
and  rim-bearing.  In  center-bearing  spans  the  dead 
weight  of  the  bridge  is  carried  on  a  central  pivot  dur- 
ing the  revolution.  When  the  bridge  comes  to  rest, 
wedges  are  driven  under  the  middle  of  the  girders  or 
trusses  over  the  pivot  pier.  Wedges  are  also  driven  under 
the  ends  of  the  girders  or  trusses,  and  usually  the  ends 
are  raised  by  these  wedges.  During  the  turning  Of  the 
span  the  bridge  is  kept  from  tilting  by  balance  wheels, 
four  or  more  being  used.  These  generally  travel  on  a 
curved  rail.  They  are  not  usually  designed  to  carry 
much  load. 

In  a  rim-bearing  draw  bridge  nearly  all  of  the  weight 
on  the  center  pier,  both  dead  and  live,  is  carried  by  a 
circular  drum,  which  is  supported  on  a  train  of  rollers. 
The  rollers  move  upon  a  trac^  on  the  pier.  The  ends 
of  a  rim  bearing  span  may  also  be  supported  on  roll- 
ers, and  these  can  be  made  sufficiently  strong  to  carry 
the  full  load  without  wedges. 

The  rim-bearing  draw  span  has  some  decided  advan- 
tages over  a  center-bearing  span.  It  is  more  substantial 
and  reliable.  Assumptions  must  be  made  as  to  the  dis- 
tribution of  the  load  on  wedges  and  center  pivot,  in 
the  center-bearing  span,  that  are  mere  guesses.  The 
center  pivot  carries  cross-girders  which  in  turn  carry 
the  main  girders  or  trusses;  the  assumption  is  made 
that  the  center  pivot  takes  only  the  dead  weiicht  of  the 
span  and  some  live  load  near  the  pivot,  while  the  wedges 
carry  the  live  load.  There  is  a  possibility  of  the  wedges 
,|iot  l>oing  in  bearing  because  of  lack  of  adjustment. 
when  six  or  more  wedges  are  all  driven  at  once  and 
by  the  same  operation,  it  would  not  be  surprising  if 
one  or  more  of  them  did  not  come  to  a  proper  bearing. 
it  one  of  the  wedges  on  the  pivot, pier  were  not  in  bear- 
ing, the  center  bearing  would  be.  subjected  to  more  load 
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than  it  is  desigrned  to  take.  If  an  end  wedge  did  not 
bear,  the  truss  or  girder  would  be  compeiiea  to  act  as 
a  cantilever.  Besides  this  the  impact,  uue  to  the  jarring 
of  the  load  at  this  offset,  would  oe  great.  If  the  bridge 
tender  J!alls  to  drive  the  wedges,  aangerous  conditions 
result.  In  addition  to'  this  the  center- bearing  span 
usually  has  a  separate  piece  of  rail  which  must  be  lifted 
and  lowered  when  the  bridge  is  opened  and  closed.  This 
is  liable  to  catch  and  not  to  fall  into  place.  This  occurred 
at  Atlantic  City  in  1906,  and  a  disastrous  wreck  took 
place. 

The  reason  it  is  necessary,  in  center-bearing  spans 
as  ordinkrily  made,  to  have  tne  ends  raised  by  wedges 
is  because  in  a  two-span  continuous  girder  any  load  on 
one  span  causes  an  uplift  at  the  far  support.  To  pre- 
vent hammering  on  the  piers  the  ends  are  raised  by  an 
amount  exceeding  the  possible  uplift. 

An  old-fashioned  rim-bearing  span  is  ready  for  traffic 
the  instant  the  tracks  are  in  line  and  an  engineman  or 
motorman  can  see  whether  or  not  it  is  so.  If  the  end 
floorbeam  finds  support  on  rollers  at  a  fixed  elevation, 
the  track  can  be  rigidly  attached  to  both  bridge  and 
abutment,  or  a  short  extension  of  a  few  inches  of  rail 
could  slide  into  a  rigid  bracket  on  the  abutments,  thus 
giving  a  continuous  track  as  soon  as  the  bridge  is 
latched. 

End-hammer  does  not  meap  much  in  a  rim-bearing 
span  for  in  a  three-span  continuous  girder  a  load  in 
a  side  span  gives  a  positive  reaction  on  the  far  support; 
in  order  to  produce  an  uplift  at  this  far  support  the  live 
load  negative  reaction  on  the  other  side  of  the  drum 
must  then  exceed  the  dead  load  reaction.  A  means  of 
overcoming  or  preventing  hammering  is  to  build  an 
eye-bar  into  the  abutment  and  to  drive  a  pin  through 
it  and  two  bars  in  the  draw,  when  the  bridge  comes 
into  its  place.  Omission  to  drive' this  pin  would  have 
no  serious  consequences. 

The  lower  track  in  a  rim-bearing  draw  span  is  usually 
made  in  segments,  of  cast  steel,  and  bolted  to  the  mason- 
ry. This  track  usually  carries  the  rack  for  the  driving 
pinion.  The  bolting  of  these  short  pieces  of  track  to 
the  masonry  is  not  good  construction.  It  would  be  much 
better  to  design  a  curved  girder  which  could  be  planed 
on  top  to  a  true  surface.  The  girder  need  not  be  made 
of  the  rigidity  of  the  drum  nor  anything  approaching 
It,  but  could  be  made  of  sections  that  would  be  stiff 
enough  to  retain  the  shape  In  handling.  It  could  h« 
placed  on  the  pier  when  finishing  the  same,  and  can 
readily  be  made  truly  level.  Blocked  up  In  this  position. 
It  could  then  be  built  Into  the  pier  with  concrete  or 
mortar,  and  grout  where  necessary.  This  would  be  a 
secure  anchor  for  the  track  secrments  and  the  rack  and 
a  tie  for  the  pier  reinforcing  the  same.  The  pier  Itself 
would  take  the  load  of  the  rollers. 

In  Chapter  XXX  will  be  found  a  number  of  exam- 
ples of  the  various  methods  of  supporting  a  swing  bridge 
on  the   drum. 

Vertical  IJft  Spans.  Some  draw  spans  are  made  with 
a  direct  vertical  lift.  In  some,  the  trusses  and  fioor 
system  are  lifted  bodily  by  means  of  counterwelghted 
cables  at  the  ends  of  the  spans.  In  others,  the  trusses 
are  built  above  the  required  clearance  for  navigation 
and  the  floor  system  Is  raised  by  the  hangers  at  the 
ends   of  the   floorbeams. 
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Baacnle  Span*.  There  ar6  many  kinds  of  basculd 
spans,  most  of  which  are  paiented.  The  plain  trunnion 
bascule  span  is  not  patented.  This  is  an  excellent  siyie 
of  draw  span,  it  is  simple  of  construction  anu  easy 
of  operation.  The  friction  is  small  and  the  wear  is 
almost  negplie^ible.  The  stresses  are  completely  deter- 
minate, and  the  parts  can  be  made  in  any  well  equipped 
shop. 

in  a  trunnion  bridgre  the  mass  is  not  moved  along 
horizontally.  This  lessens  the  amount  of  work  neces- 
sary to  operate,  as  there  is  simply,  a  rotation,  in  a  well 
balanced   brldg^e,   of  a   balanced  mass. 

,A  great  advantage  of  the  fixity  of  the  dead  load  is 
in  the  resultant  stability  of  the  foundation.  A  large 
muss  moving  back  and  forth  on  a  pier  is  a  severe  test 
of  its  stability  and  permanence. 

Itocking  bridges  are  apt  to  crawl,  and  this  crawling 
>is  difficult  to  prevent.  The  excessive  pressure  at  the 
line  of  contact  is  very  diflPicult  to  provide  for  in  built 
'parts.  Some  rocking  bridges  have  failed  in  parts  on 
account  of  this  excessive  pressure.  In  a  rocker  carry- 
ing a  heavy  load,  it  is  necessary  to  have  very  thick 
flanges  to  distribute  the  load  out  to  the  edge  of  the 
rocker.  Also  the  connection  to  the  web  needs  a  large 
number  of  rivets  because  of  the  shifting  load.  A  girder 
supporting  the  rocker  would  require  the  same  heavy 
and    expensive   construction. 

Trunnion  bridges  offer  special  advantages  for  double 
leaf  spans,  as  the  tail  of  the  girder  can  be  readily 
anchored  and  each  leaf  made  a  cantilever  capable  of 
independently  supporting  the  live  load.  Sometimes  the 
approach  span  is  utilized  to  furnish  part  of  the  weight 
necessary  to  anchor  the  tail  of  the  bascule  girder.  In 
single  leaf  spans  the  construction  may  be  very  much 
lighter  than  in  double  leaf  spans,  as  the  truss  or  girder 
is  a  simple  free-ended  span  for  live  loads.  In  double 
leaf  spans  the  two  leaves  meet  at  the  middle  of  the 
opening  and  are  latched  together  with  heavy  latches 
that  must  be  designed  to  carry  a  large'  shear.  The  two 
leaves   are   cantilevers. 

The  counterweight  on  trunnion  bridges  Is  prefer- 
ably made  of  regular  cast  Iron  blocks  with  holes  cored 
for  bolts,  the  blocks  being  securely  bolted  to  the  steel 
work.  The  cast  iron  used  for  this  purpose  is  similar 
to  that  used  for  window  sash  weights.  It  Is  a  cheap 
mixture  made  chiefly  of  scrap.  Sometimes  concrete  Is 
used  for  counterweights,  but  ordinary  stone  concrete 
would  generally  require  too  much  bulk.  A  concrete  Is 
often  made  with  steel  punchlngs  as  the  aggregate.  This 
weighs  about  300  lbs.  per  cu.  ft.,  which  means  about 
.45  of  the  volume  In  steel.  Concrete  should  be  confined 
In  steel  boxes. 

The  spiders  on  a  trunnion  girder,  that  Is  the  broad 
castings  that  are  riveted  to  the  web  of  the  girder  and 
fit  over  the  trunnion,  should  be  of  cast  steel:  they  should 
be  square  and  large  enough  to  fit  between  the  stlffeners, 
and  they  should  be  well  stiffened  with  ribs.  These 
spiders  must  take  the  lateral  force  on  the  girders  Into 
the  trunnion,  hence  the  need  of  their  being  square  and 
well  stiffened  and  of  their  meeting  the  stiff ener  where, 
as  usuallv  designed,  the  floor  lateral  system  ends. 

A    buffer    must    be    provided    at    the    tall    end    of    the 

?■    Irder  to  prevent  too  great  a  shock  on  the  steel  work, 
his  can  be  an  oak  block  or  better  an  air  cushion. 
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CHAPTER  XXVL 
Tanks. 

steel  TabIui.  The  tension  T  per  foot  of  depth  on  the 
shell  of  a  circular  tank  of  radius  R  at  a  depth  D  below 
the  free  surface  of  a  contained  liquid  weie^hingr  W  lbs. 
per   cu.    ft.,    is 

T=  WRD. 
in  which  T  is  in  lbs.  and  R  and  D  are  in  feet.  The  shells 
are  commonly  made  of  sheets  up  to  five  feet  in  width. 
For  the  tension  per  foot  on  each  sheet  or  ringr  take  the 
depth  D  to  the  middle  of  the  lower  foot  of  the  depth  of  the 
plate;  thus  in  a  tank  30  feet  deep  with  six  riners  each  Ave 
feet  wide,  use  29.5  ft..  24.5  ft.,  19.5  ft,  etc.,  for  the  succes- 
sive rihgs.  Tanks  are  not  usually  designed  on  the  basis 
of  ordinary  safe  units,  as  in  the  case  of  bridgres,  etc., 
but  on  the  basis  of  a  certain  factor  of  safety,  using 
the  ultimate  tensile  strength  of  sheets  and  the  ultimate 
shearing:  and  bearing  value  of  rivets.  Factors  of  2^ 
and  3  are  not  uncommon  in  oil  tanks,  where  corrosion 
plays  a  small  part.  A  factor  of  four  may  be  used  for 
water  tanks. 


ULTIMATE  STRCNQTH  OF  TANK  PLATES 

PER  FOOT  OF  SEAM 

UNITS  

Tension  on  Plate          ....  00000  Ubs.  per  Sq.  In. 

Bearing  on  Rivets    ....  60000  Lbs.  per  Sq.  In. 

Shear  on  Rivets 40000  l.bs.  per  ^  In. 


6 


Diani. 

of 
Rivets 


Pitch 

of 
Rivets 


Ultimate  Strength 

in  Single 

Shear  per  Row 

of  Rivets 


Ultimate  Strength 

of  Plate  i>er  tIo 

inch  of  Thickness 

-^Ultimate  Bear'g 

Value  of  Two 

Rows  of  Rivets 


Thickness  of 
Plate  where  Bear- 
ing and  Shear 
are  Equal,  inches 


4610 
4580 
4550 
4526 

4500 
4430 
4383 
4320 
4235 


rssr 

.523 
.458 
.892 
.800 

.327 
.?62 
.229 
.196 
.161 


V 

I 

{ 


15-/0U0 

120600 

105000 

R9300 

81460 

73600 
58000 
50190 
42400 
84650 


] 


Note  that  Pitch  of  Rivets— 3  Diameters  +  %  inch 

Net  Area  of  Plate— Pitch  Less  (Diameter  of  Riv   +  Ji  inch) 


For  bearing  on  steel  rivets  and  tension  on  the  shell 
an  ultimate  strength  per  square  inch  of  60000  lbs.  may 
be  used,  and  for  shear  on  rivets  40000  lbs.  per  sq.  In. 
Rivets  must  be  spaced  close  and  kept  about  1^^  diam- 
eters from  the  edge  of  plate,  with  a  minimum  of  about 
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An  Inch.  \Vlde  Spacing:  between  the  rivet  line  and  the 
edgre  of  plate  and  a  rivet  pitch  exceeding  about  four 
diameters  malce  effective  callcingr  difficult,  especially  in 
thinner  plates.  In  double  and  triple  riveting  the  rivets 
ot  one  row  should  alternate  with  those  of  the  next,  and 
lu  ^•*^*'*ce  between  the  rows  may  be  such  as  to  make 
the  distance  between  the  rivet  of  one  row  and  that  of 
the  next  equal  to  the  pitch  in  each  row.  In  horizontal 
seams  usually  a  single  row  of  rivets  corresponding  in 
sise  with  the  rivets  used  in  the  vertical  seams  is  em- 
ployed, the  requirements  for  calking  being  ample  to  take 
the  weight  of  rings  to  be  carried.  In  oil  and  water  tanks 
no  weight  of  the  contents  is  carried  by  the  vertical 
rings;  in  tanks  for  grain  the  friction  throws  part  of  the 
load  upon  the  sides.  This  vertical  load  may  demand 
consideration  in  grain  tanks. 

The  second  column  in  the  foregoing  table  gives  good 
spacing  for  rivets.  It  will  be  seen  that  the  net  area  of 
plate,  deducting  a  hole  %"  greater  in  diameter  than  the 
undriven  rivet,  will  be  Just  equal  to  the  bearing  area 
of  two  rows  of  rivets.  With  one  row  of  rivets  in  the 
vertical  seam  the  strength  of  the  ring  will  be  determined 
by  the  strength  of  the  rivets.  Hence  single  rows  qt 
rivets  would  not  be  economical,  except  in  plates  of  the 
minimum  thickness  that  it  is  practicable  to  use.  Three 
rows  of  rivets  would  be  stronger  In  bearing  on  rivets 
than  in  tensile  strength  of  plate.  The  most  economical 
condition  occurs  where  all  three  values  (tensile  strength 
on  plate,  bearing,  and  shear)  are  equal.  This  occurs 
when  the  plates  are  of  the  thickness  shown  in  the  last 
column  of  table  with  the  size  of  rivets  shown  in  the  first 
column,  in  double  rows,  spaced  according  to  the  second 
column. 

The  thickness  of  plate  to  use  will  ordinarily  be  de- 
termined from  the  values  given  In  the  fourth  column  of 
the  table.  The  actual  tension  on  a  foot  in  depth  of  the 
ring  is  first  found.  This  is  multiplied  by  the  factor  of 
safety  to  obtain  the  ultimate  strength.  Dividing  this 
Ultimate  tensile  strengi**  by  the  value  In  the  fourth  col- 
umn of  table  the  thickness  of  plate  in  hundredths  of 
inches  is  obtained.  If  this  thickness  agrees  with  any 
of  the  values  in  the  last^oolumn  of  the  table,  use  the 
size  of  rivets  opposite  the  same,  in  double  rows.  If  it 
is  intermediate  between  two  of  these,  use  the  size  of 
rivet  opposite  the  greater  thickness  in  the  table;  as 
otherwise  the  strength  of  splice  will  be  less  than  that 
of  the  plate  In  tension  and  the  extra  thickness  of  plate 
above  that  shown  In  the  table  will  be  waste  metal.  For 
example,  If  the  thickness  required  Is  .34",  use  3ki"  rivets. 
If.  for  uniformity  in  punching,  it  is  desired  to  use  but 
few  sizes  of  rivets,  triple  i*ows  may  be  used  for  any 
thickness  of  plate  between  that  in  column  5  and  a  thick- 
ness UO  per  cent,  greater.  Thus  for  a  plate  .59"  thick 
^rlth  %"  rivets  In  three  rows  the  ultimate  tensile 
frtrength  Is  4,550x59  =  268.000  lbs.,  and  the  value  of  three 
rows  of  rivets  in  shear  is  «9S00x8  =  268,000  lbs. 

A  minimum  thickness  of  about  two-tenths  of  an  Inch 
fs  not  unusual,  even  In  tanks  80  and  90  feet  in  diam- 
eter. 

The  tank  should  have  a  stiffening  angle  around  the 
tipper  edire:  at'd  In  the  case  of  large  tanks  without  roofs 
there  Should  be  somie  provision,  such  as  cross  struts  to 
-prevent  caving  in  from  wind  pressure  when  the  tank 
is  empty. 
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The  bottoms  of  large  tanks  kt^  sretierally  made  flat, 
of  steel  plates  laid  on  a  tloor  of  wood  or  concrete.  TauKd 
of  smaller  sizes  may  have  conical  or  hemispherical  shells. 
The  hemispherical  shape  is  good  for  tnis  purpose,  as 
there  is  no  break  in  direction  of  plates  at  tne  junctlou 
of  sides  and  bottom.  Tnis  snape  approximates  tnat 
which  the  bottom  of  the  tank  would  take  if  it  were  oi 
tlexibie  material,  and  the  stiffness  of  the  plates  will  ovei- 
come  the  stresses  tending  to  draw  the  oottom  into  a 
shape  where  only  tensile  stresses  would  exist.  It  ip 
evident  that  the  entire  weight  of  the  contents  of  the 
tank  and  of  the  bottom  itself  must  be  carried  at  thie 
Junction  between  the  bottom  ring  of  the  tank  and  t^e 
hemispherical  bottom.  The  tension  per  foot  of  seam 
in  any  vertical  section  through  the  bottom  is  the  product 
^WDRy  where  R  is  the  radius  of  the  hemisphere;  It 
is  to  be  noted  that  this  is  Just  one- half  of  the  tension 
that  would  be  found  in  the  side;  that  is,  where  the  b,ot- 
tom  and  side  Join  the  tension  in  horizontal  circles  drops 
down  one- half.  However,  on  account  of  bending  stresses 
tending  to  force  the  bottom  into  a  shape  other  than  hem- 
ispherical, it  is  best  to  make  the  bottom  of  a  thickness 
equal  to  that  of  the  lowest  ring  in  the  side,  with  the 
seams  in  the  vertical  plane  of  the  same  strength. 


In  the  case  of  conical  bottoms  and  those  shaped  in 
the  form  of  the  segment  of  a  sphere  there  are  stresses 
other  than  direct  tension.  Such  bottoms  do  not  approach 
the  shapes  that  would  be  assumed  by  a  flexible  sheet 
under  the  same  internal  pressure.  We  must  look  there- 
fore for  bending  or  compressive  stresses  to  sustain  the 
equilibrium.  If  the  bottom  is  in  the  shape  of  the  seg- 
ment of  a  sphere  with  a  ring  at  the  Junction  of  the 
side  and  bottom  capable  of  taking  compression,  the 
stresses  developed  will  be  tensile  stresses  in  the  bot- 
tom analogous  to  those  in  a  hemispherical  bottom  and 
an  annular  compression  in  the  ring,  the  amount  of  which 
will  be  found  as  follows: 

Given  a  tank  such  as  shown  at  (a).  Pig.  1.  It  is 
evident  that  the  entire  weight  of  the  contents  of  the 
tank  and  the  weight  of  the  bottom  must  be  carried  by 
a  cone  of  tensile  stresses  the  elements  of  which  have 
an  inclination  equal  to  that  of  a  tangent  to  the  bottom 
of  the  tank  where  it  Joins  the  side.  In  the  small  tri- 
angle c  will  represent  this  tension,  where  b  represents 
the  weight  carried.  The  horizontal  component  a  of  this 
tension  will  cause  the  annular  compression  referred  to. 
In  amount  it  is  equal  to  the  combined  weight'  of  con- 
tents and  bottom  divided  by  6.2832.  This  compression 
occurs  on  each  side  of  the  ring,  or  In  other  words,  \B 
continuous  around  the  same.  If  no  compression  mem- 
ber exists  at  the  Junction  of  bottom  and  side,  this  com- 
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preftsive  stress  is  forced  into  the  bottom  itself.  Such 
condition  would  tend  to  neutralize  the  tension  on  the 
bottom,  and  to  cause  a  condition  of  unstable  equilibrium 
throwing  the  bottom  plates  in  bending:  from  the  local 
pressure  of  the  liquid.  Ttie  same  reasoning  liolds  good 
for  a  tank  with  a  conical  bottom. 

For  an  account  of  a  tank  having  a  conical  bottom 
which  failed,  evidently  on  account  of  lack  of  provision 
for  this  annular  compression,  see  Engineering  News, 
Nov.   21,   1901,   and  Jan.   2,    1902. 

A  heavy  angle  or  other  compression  member  should 
be  used  at  the  corner  where  a  conical  or  segmental  bot- 
tom Joins  the  sides  of  a  tank  to  take  this  compression. 
If  there  is  a  circular  girder  under  the  sides  of  the  tank 
the  top  flange  of  the  girder  may  be  made  to  take  the 
compression  if  it  is  continuously  connected  to  the  side 
or  bottom  of  the  tank." 

Much  has  been  written  on  the  stresses  in  the  circular 
girder  under  the  edge  of  a  tank  of  this  sort,  to  the  ex- 
clusion,, almost  totally,  of  consideration  of  the  vastly 
more  important  matter  of  this  annular  compressive  stress 
in  the  tank.  The  side  of  the  tank  itself  is  a  circular 
girder  of  a  strength  many  times  greater  than  the  small 
one  under  it,  so  that  calculations  of  stresses  in  the  small 
circular  girder  are  quite  absurd.  The  office  of  the  cir- 
cular girder  is  chiefly  to  transfer  the  load  of  the  tank 
to  the  posts  or  supporting  wall. 

If  the  tank  is  supported  on  posts,  a  system  of  straight 
beams  in  the  form  of  a  polygon  from  post  to  post  gives 
a  good  support.  There  is  a  decided  advantage  in  this 
arrangement  where  the  posts  are  inclined.  Inclined  posts 
exert  an  inward  thrust  at  the  top  which  must  be  re- 
sisted. A  circular  girder  is  not  well  suited  to  take  this 
thrust,  whereas  a  polygonal  frame  can  resist  it  by  direct 
stress.  The  stress  on  these  straight  beams  can  be  read- 
ily calculated,  as  they  support  a  central  load.  The  web 
of  the  beam  should  come  under  the  shell  of  the  tank 
so  as  to  obviate  twisting  stresses.  A  rolled  or  built 
channel,  with  the  flange  outward,  is  a  suitable  shape 
for  these  beams 

Sometimes  the  supporting  posts  are  attached  directly 
to  the  sides  of  the  t^nk.  When  the  posts  are  leaning, 
this  results  in  a  concentrated  thrust  In  the  side  of  the 
tank.  In  one  example  of  a  tank  built  in  this  way  this 
thrust  was  so  great  that  instability  and  incipient  failure 
were  Quite  marked.  It  had  to  be  corrected  by  insert- 
ing struts  in  the  inside  of  the  tank  between  the  tops 
of  the  posts.  This  thrust  may  be  taken  in  a  small  tank 
by  a  horizontal  stiffening  angle.  In  a  large  tank  a  hori- 
zontal latticed  curved  strut  may  be  used  at  the  top 
of  posts,  the  same  to  act  also  as  a  support  for  a  walk 
around  the  tank,  being  carried  by  brackets  at  the  col- 
umns. 

To  prevent  leakage  tanks  must  be  calked.  Calklnp: 
is  done  by  peening  the  steel  at  the  seams.  The  plates 
are  planed  or  sheared  on  a  bevel  and  the  peening  Is  done 
by  means  of  a  blunt  tool  on  this  beveled  edge.  Water 
tanks  should,  in  general,  be  calked  on  the  Inside  so 
that  the  water  under  pressure  cannot  get  between  the 
sheets.  Rain  or  other  moisture  on  the  outside  of  the 
tank  can  be  kept  out  of  the  seams  by  the  paint.  If 
calking  is  done  both  inside  and  outside,  the  hammering 
on  one  side  is  apt  to  loosen  the  work  already  done  on 
the   other   side,    especially   with    thin   plates.      Oil    tanks 
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may  be  calked  on  the  outside,  as  oil  in  the  s^ams.  enter- 
ing from  the  inside,  will  not  corrode  the  steel  as  would 
water.  When  a  tank  rests  on  a  solid  foundation,  the 
calkins  of  the  bottom  must  of  course  be  done  on  the 
upper  side.  The  rivet  heads  grenerally  have  to  be  calked 
as  well  as  the  seams,  though  many  of  them  are  tight 
enough  to  need  no  calking.  Rivet  heads  for  tank  and 
boiler  work  are  usually  of  truncated  cone  shape. 

Rivets  in  calked  work  must  be  close  enough  together 
and  to  the  edge  of  plate  to  hold  the  edge  of  the  plate 
perfectly  Arm  and  prevent  springing  due  to  calking. 
The  size  and  spacing  of  the  rivet  must  vary  with  the 
thickness  of  the  plate  In  a  general  way.  As  an  approxi- 
mate rule  rivets  may  be  of  a  diameter  one-eighth  to 
one-quarter  of  an  inch  larger  than  the  thickness  of  plate, 
though  for  the  sake  of  economy  and  uniformity  only  a 
few  different  sizes  of  rivets  should  be  employed.  Some- 
times the  strength  needed  in  the  seam  will  govern  the 
size  of  rivet  to  use.  Rivets  are  usually  spaced  between 
three  and  four  diameters  apart  along  a  calked  edge  and 
between  1%  and  2  times  the  diameter  from  the  edge 
of  the  plate.  The  spacing  along  the  seam  should  not 
exceed  about  eight  times  the  thickness  of  plate. 

It  is  common  practice  in  oil  tanks  to  make  the  height 
about  25  or  30  ft.  for  large  tanks.  The  diameters  run 
up  as  high  as  114  feet.  The  following  are  the  specifica- 
tions for  a  15,000-barrel  oil  tank  (42  gallons  to  the  bar- 
rel.)^ 

Tank  will  be  66  feet  in  diameter  and  25  feet  in  height. 

Material  will  be  tank  steel,  American  Steel  Manufac- 
turers' Association  Standard  Specifications.  All  material 
as  to  quality  and  dimensions  subject  to  inspection  and 
acceptance  before  any  construction  work  is  commence. 

Thickness    of    Material:     Bottom    rectangular    plates 
No.  6  steel  B.  W.  G.,  weighing  8.25  lbs.  per  «q.  ft. 
Bottom   sketch   plates. 

No.  4,  weighing  9.68  lbs.  per  sq.  ft. 
First  ring,  No.  1,  weighing  12.20  lbs.  per  sq.  ft. 
Second  ring,  No.  3,  weighing  10.53  lbs.  per  sq.  ft. 
Third  ring.  No.  6,  weighing  8.25  lbs.  per  'sq.  ft. 
Fourth  ring.  No.  6,  weighing  8.25  lbs.  per  sq.  ft. 
Fifth   ring,   No.  6,  weighing     8.25  lbs.  per  sq.  fh. 

Angle  Irons:  Bottom  will  be  connected  to  shell  of 
tank  by  means  of  an  angle  iron  ring  3"x3"x%'',  and  the 
roof  will  be  connected  to  tank  by  means  of  an  angrle 
iron  ring  2%''x2%"x5/16".  Both  of  these  angles  to  be 
properly  spliced  where  they  Join.  Joints  of  lower  angles 
to  be  so  spaced  that  there  will  be  not  less  than  four 
rivet  spaces  from  any  Joint  of  the  bottom  and  not  less 
than  four  rivet  spaces  from  any  vertical  Joint  of  the 
circular   sheets. 

First  ring,  5/8  in.  rivets,  2  in.  pitch,  double  riveted. 
Second  ring,  1/2  in.  rivets,  1  5/8  in.  pitch,  double  riveted. 
Third  ring,  1/2  in.  rivets,  16/8  in.  pitch,  double  riveted. 
Fourth  ring,  7/16  in.  rivets,  1  7/16  in.  pitch,  single  riveted. 
Fifth  ring,  7/16  in.  rivets,  1  7/16  in.  pitch,  single  riveted. 
Bottom,    3/8    in.    rivets.    1    1/4    fn.    pitch,    single    r4veted. 

Horizontal  seams  single  riveted,  size  and  pitch  cor- 
resnonding  with  lower  plate. 

Manhead.  There  will  be  one  wrought  iron  or  cast  steel 
manhead  located  in  the  first  ring  of  shell  of  tank,  said 
manhead  being  about  20  in.  in  diameter,  furnished  com- 
plete  with   lid   and   bolts. 
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Flanffeg.  In  the  ^rct  rin^  there  is  to  be  one  8-ln. 
outlet,  with  wrought  iron  or  pressed  pteel  flanges  on 
Inside  and  outside  of  tank,  with  standard  8 -in.  thread 
cut  in  flanges;  one  6-in.  inlet,  with  wrought  iron  or 
pressed  steel  flange  on  inside  of  tank,  with  standard  6- 
in.  thread  ciit  in  flange;  and'  one  4 -in.  wrought  iron  or 
pressed  steel  flange  on  outside  of  tank,  with  standard 
4-in.  thread  cut  in  flange. 

Workmanship.  The  work  will  be  done  in  a  good 
workmanlike  manner.  Sheets  in  bottom  of  tank  to  be 
carefully  punched  and  plainly  marked  indicating  how 
they  are  to  go  together.  Sheets  in  side  of  tank  to  be 
properly  curved  and  carefully  punched,  so  that  they 
may   be  riveted  up  without  reaxning.  . 

The  bottom  rectangular  plates  in  the  foregoing  tank 
would  be  made  about  Ave  feet  by  twelve  feet  in  size. 
The  sketch  plates  are  those  "cut  off  to  the  outside  curve 
of  the  bottom.  These  are  generally  ordered  from  the 
mills  from  sketches  and  cut  as  near  as  possible  to  the 
required   size. 

Fig.  2  shows  the  general  details  for  a  large  oil  tank. 
It  is  to  be  noted  that  each  side  plate  above  the  flrst  and 
below  the  top  ring  is  bevel  sheared  on  the  upper  and 
right  hand  edges  for  calking  and  is  scarfed  in  the  upper 
left    hand    and    lower    right    hand    corners.      Each    side 

Slate  in  the  bottom  ring  is  bevel  sheared  on  the  right 
and  edge  and  both  top  and  bottom  edges  and  is  scarfed 
at  the  upper  and  lower  left  hand  corners.  Each  side  plate 
in  the  top  ring  is  bevel  sheared  on  the  right  hand  edge 
and  scarfed  at  the  upper  and  lower  right  hand  corners. 
Fig.  3  shows  the  arrangement  of  bottom  plates. 

Tanks  of  small  diameter  or  having  thick  plates  may 
have  every  alternate  ring  on  outside  ring,  as  shown  in 
Fig.    4. 

The  splice  plate  or  shoe  for  top  and  bottom  angles 
is  made  of  a  flat  plate  that  is  flrst  scarfed  on  the  ends 
and  then  bent  with  a  sharp  inside  corner  to  flt  behind 
the  angle  ring.  It  should  take  two  or  three  rivets  in 
each  flange  of  each  angle  at  the  splice.  In  the  fleld 
this  shoe  is  clipped  off  and  calked.  The  Joint  at  splice 
is  sometimes  also  leaded. 

Bevel  shearing  on  tank  plates  is  done  after  the  holes 
are  punched.  The  scarfing  is  done  cold  on  thin  plates. 
On  thick  plates  the  corner  of  plate  is  heated. 

Breeching  and  stacks  are  preferably  beveled  and 
calked.     The  same  scheme  of  beveling  and  scarfing  the 

Elates  will  apply  on  a  stack  as  that  described  for  a  tank, 
teel  stacks  are  sometimes  made  tapering,  being  lined 
part  of  the  height  with  fire  brick  vertical  on  the  inside 
and  diminishing  in   thickness   toward   the   top. 

Breeching  (the  ducts  that  conduct  smoke  from  boil- 
ers to  stack)  is  usually  made  of  3/16  in.  metal. 

Tanks  to  resist  very  high  pressure  can  be  made  with 
seams  similar  to  those  used  in  boilers.  The  Hartford 
Standard  for  steam  boilers  will  be  given  as  samples  of 
practice  in  that  class  of  construction.  „    ^     ^,      «   ^    . 

These  standards  are  taken  from  A.  M.  Castle  &  Co.  s 
hand  book. 
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Boiler  Shell  72  Inches  Diameter 

Steam  Pressure  Allowed, 

115  Pounds 
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BoOcar  Shdl  72  Inches  Diameter 

Steam  Pressure  Allowed, 
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Boiler  Shell  66  Inches  Diameter 

Steam  Pressure  Allowed, 

125  Pounds 


Boiler  $hell  66  Inches  Diameter 

Steam  Preuure  Allowed, 

109  rounds 


Boiler  Shell  60  Inches  Diameter 

Steam  Presnure  Allowed,. 

138  Pounda 


Boiler  Shell  60  Inches  Diameter 

Steam  Pressure  Allowed, 

120  Pounds 
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QUADRUPLE  RIVETED  JOINT 


Method  of  calculation  to  detennine  modes  of  faibins 
of  a  qnadinple  riveted  double  ttrap  butt  joint  for  longi- 
tudinal aeams,  strape  three-fourths  the  thickneii  ol  ahell 
plates.    [See  "  I,ocomotive  "  for  November,  1896.] 

Steel  plate  tensile  strength  per  square  Inch  of  section 
57,000  pounds. 
Thickness  of  plate  Jf"  =  decimal     .50 

Diameter  of  rivet  holes  i"  =  "        i.oo 

Area  of  rivet  hole  =  "        0.7854 

Pitch  of  rivets  In  inner  rows  4>i*  =s  "        4.375 

"      "      "      "  first  outer  row  85^"  =    "        8.75 
"     "      "  inBecond6uterrowi7Ji"^"      17.50 
Kctistance  of  iron  rivets  in  single  shear  40,000  pounds. 
**  •    11        ..      •'  double    "     74,000      " 


RRST  nODE  OF  FAILUKB 

joint. 


MLJ»t\Mi 


nODB  OF  FAILUSfi 

17.50''  X  H'^X  57.Q00 1=  498,750  p=  strength  of 
plate. 

X7.5C//  —  a'/  (diameter  of  two  riveU)  X  ^'^  X  57.ooo 
=  44i>75o  +  3i»4x6  (tticngtliol  onexiret  in  tin^  shear) 
=s  473fi^  -*-  4981750  (strength  of  woUdpUtt)  =  94*87  or 
about  9S  per  cent  efl^ency  for  joint 


THIRD  MODE  OF  FAILURE 

17.50'' — 4"  (diameter  pf  four  riveU)  X  ^"  X  57.ooo = 
374>75o  +  94t348  (shearing  strength  of  three  rivets)  =? 
468,998 -»- 498,750  (strength of  solid plate)=95.6or about 
96  per  cent  efficiency  for  joint 

FOURTH  MOI>E  OF  FAILURE 

.7354''  X  74,000  X  8  (rows  of  nvets^.  =464.952+  94,^3 
(strength  of  three  rivets  in  single  shear)  =  559,soo  -h 
498,750  ^  X12  per  cent  efficiency  of  rivet  ihesr. 

To  find  safe,  pressure  from  the  above  formulae  for  84^^ 
diameter  boiler,  >i''  thick,  tensile  strength  57.000  pounds. 
Least  efficiency  found  from  first  mode  is  94  per  cent. 

94  per  cent.  X  H^""  =  47j6  X  57,ooo  =  26,790  -*- 
(42^^  X  5)  (internal  radius  and  factor  of  five)  as  iTjJi 
safe  pressure  to  be  carried* 


LONGITUDINAL  RIVETED  JOINTS 


DOUBLB  RIVBTBD  LAP  JOINT 

TOR  S-l«  IH.  PLATES 
Holci  tj  Inch  dUmeter. 
Riveti  I  in^  diameter. 
Effidenn  — M  of  Mild  pUte. 
Tensile  Strength  6o,o(»  pound*. 
Sborins  Strength  ]S,cao  pounda. 


I  loch  dismeter. 
— idcnn  •Mo'  "oUd  j 
Tendle  Stre^nh  60,000  p> 


Shearins  Strenstb  jS.oao  poDAd*. 


DOUBLB  RIVETED  LAP  JOWT  7 
WX.  7-1 «  m.  PLATES         .i 
lie*  I  inch  dUmeter.  C 

retM  H  Inch  diameter. 


WITBLB  RIVBTBD  LAP  ;<Mirr 
POR  f-2  IN  PLATES 


Efficient -M  of  Killd  pUIC. 
Teoailc  Strength  6o,oao  poniMb. 
Shearing  Strength  3S1O00  pauadi. 


LONGIIUDDIAL  RIVETED  JODJTS-Con. 


i^-i^-ii 


TRIPLE  RIVBTED  LAP  JOINT 
FOR  1-4  IN.  PLATES 
Hole*  )1  Inch  diameter 


TRIPLE  RIVBTED  LAP  JOINT  : 

FOR  5-It  m.  PLATES  >1 

Hole*  )  inch  diameter.  -^ 

SJveti^l  loch  dUmetcT.  J 

EffidcDcy  •-  VA  of  solid  plate.  a 

TcDslle  Strcogih  60,000  pouods.  J 
fff""*"!;  Strength  38,000  poundi. 


Rivet!  1  inch  dlamrter. 


SUenglh  38.000  pi 


TRIPLB  RIVBTSD  LAP  JOINT 

FOR  7-1 «  W.  PLATES 
Hole*  41  inch  diameter. 
Kiret*  (  incb  diameter. 
Sfficiency  ^  ff,  of  solid  plate. 
Tensile  Strength  £0,000  pounds. 
Shcmriog  Strength  38,000  pounds. 


TRIPLE  RIVBTED  LAP  JOINT 
FOR  1-2  m,  PLATES 

Rivets  it  inch  diameter. 
Efficiency  —  i^b  of  solid  plate. 
Tensile  Strength  60.000  pounds. 
Shearing  Strength  38.000  poan^ 


LONGITUDINAL  RIVETED  JOINTS 

Decigned  and  adTOcated  bj  Hwtford  stem  Bcnler  Inapec- 


m- 


RlntiV  lad)  <Uameter. 
Bfleteaer -M  of  aoUd  ptote. 
Tetulle  Strangth  tejOoo  pannd*. 
"*■ — '-- ' "' [Ih  ^jaao  poBoda 


Hole*  »  Inch  dlimet 


■^^^ 


# 


DOUBLE  RtVBTBD  LAP  JOINT 
not  3-S  Of.  PLATES 
HolM  IJ  Inch  dumeter. 
Rlveti  (  inch  diameter. 
Effidency  —  M  of  aolld  pUte. 
Tenalle  Strength  £0,000  pouiidl. 
SbeaiiiiB  Strength  38,00  foaadM. 


DOUBLE  RIVBTBD  LAP  JOINT 

FOR  7-I«  IN.  PLATBS         ,  j 
Hole*  I  Inch  diameter.  ^ 

Kivet*  11  Inch  diameter. 
~*den<T  -  W  of  Blid  pUte. 

inle  Strength  6a.o»  pound*. 

Shearing  Strength  38,000  pouodi. 


»UBLB  RIVBTBD  LAP  jrarr 

POR  t-Z  IN  PLATBS 
Hole*  t^ioch  dUmetn-. 
RlvcU  i\nch  dUmetef. 
Effiden<7  — M  of  •olid  plate. 
Tenalle  SIreagth  fio.oao  ponndt. 
Shea  ring  Strength  38,000  pounds 


lONGirUDINAL  RIVETED  JODITS-Con. 


i> 


-4i- 


4^ 


4h 


i^ 


4i- 


4> 


4) 


4i 


TRIPLE  RtVBTED  LAP  JOINT 
FOR  1-4  IN,  PLATES 

Hol«  H  inch  diameter 
'    RiireU  I  inch  diametFr. 

Effidency  <^  fj,  of  toiid  plate. 

Tensile  Slrength  60.000  pounds. 

Slieaiiug:  ettength  jB,aoo  poundt. 


(  It  >n<=I'  dUmi 
encv  —  ;a  of  K 

te  Strength  &),<— 

flhrirlnr  Strength  i8,oc 


TRIPLE  RIVBTBD  LAP  jomt 
FOR  3-8  m.  PLATES 

Hairs  li  Inch  diameter. 
Rivets  i  itich  diameter. 
Efficiency  ^  /A  o(  •olid  plate. 
Tensile  Strength  60,000  pounds. 
Shearing  Strength  jB.m  ponnds. 


mvet«7lDch<liamc 


Phtt^"B  StTMigth  38,000  pouoiia, 


TRIPLE  RIVETED  LAP  JOINT 

FOR  1-2  m.  PLATES 
Hales  I  inch  diameter. 
Rivets  »  ioch  diameter. 
Effideocy  -  M  or  solid  pUte. 
Tensile  Strength  60,000  pounds, 
Shearing  Strength  38.000  potmdl. 


^  ^Itek  Roofiik  8te«l  roofs  of  tanki  are  commonly  mado 
In  jBonioAl  shapo  of  8/ie  to  1/4  Inch  metal.  Those  have 
radial  stifEeninff  ribs,  In  the  smaller  tanks  no  other 
prtfVision  need  be  made  for  taking  the  stresses  than 
these  radial  ribs,  made  of  ansrles»  and  attachment  to 
the  top  Ting  of  the  tank.  The  circular  tension  T  at  the 
rim  of  the  roof  is  found  by  the  followingr: 

T=  WR*-i-2k 
Where  W  equals  weight  per  horizontal  square  foot  car- 
ried by  the  roof,  R  equals  the  radius  of  the  tank  in 
feet,  k  equals  the  altitude  of  the  cone.  In  a  20-ft.  tank 
carrying  60  lbs.  per  sq.  ft.  the  circular  tension  at  the 
rim  is  6260  lbs.  Two  or  three  rivets  would  take  this 
tension  in  the  splice  of  the  angle  ring.  The  tension 
on  the  angle  is  small.  In  this  roof  four  angle  stiff eners 
could  run  up  to  the  apex,  and  the  others  could  stop  short 
of  the  apex.  The  stiffeners  should  be  spaced  about  4 
to  6  feet  apart  at  the  circumference. 

Sometimes  roofs  of  large  oil  tanks  are  supported  on 
intermediate  posts  at  intervals,  the  posts  being  inside 
of  the  tank  and  resting  on  the  bottom.  These  posts  are 
frequently  of  wood. 

A  roof  of  a  66-ft.  tank,  for  use  where  no  snow  load 
had  to  be  considered,  was  made  of  8/16''  plates.  There 
were  24  radial  channels,  6^*  deep,  supported  on  the  shell 
and  on  channels  bent  in  a  10-ft.  circle  at  the  middle  of 
tank.  The  latter  rested  on  a  tower  of  four  angle  posts, 
braced  together,  and  supported  on  the  bottom  of  the 
tank.  Where  snow  loads  are  a  factor,  deeper  channels 
and  straight  channels  in  square  or  octagon  shape  at  the 
middle  of  tank  could  be  used.  The  strength  of  a  circular 
beam  on  four  supports  is  uncertain. 

Large  conical  roofs,  supported  on  the  rim  of  a  tank, 
are  sometimes  carried  by  a  system  of  trusses  across 
the  tank.  These  meet  or  cross  under  the  apex,  the  bot- 
tom chords  being  attached  to  a  single  plate  at  the  cen- 
ter. The  stress  P  on  any  of  these  bottom  chords  Is  ex- 
pressed by  the  following: 

P=lVR«S-r2k 
where  S  is  the  distance  in  feet  between  trusses,  meas- 
ured around  the  rim  of  the  tank,  other  letters  having 
the  same  meaning  as  before. 

Wooden  Tanks.— Wooden  tanks  for  railroads  are  com- 
monly made  with  staves  from  2%  to  4  inches  thick, 
and  14  to  16  feet  long.  A  size  of  stave  much  used  is 
3"x6".  The  bottom  of  tank  is  made  of  boards  of  about 
the  same  thickness  as  the  staves  and  from  8  to  12 
ins.  wide.  The  woods  commonly  used  are  cedar,  white 
pine,  and  cypress. 

The  diameters  of  these  tanks  run  about  20  to  30  feet, 
the  diameter  at  the  bottom  being  about  a  foot  more 
than  that  at  the  top.  Flat  bands  are  very  often  used 
In  railroad  and  other  tanks,  but  with  questionable  pro- 
priety. Such  hoops  are  more  subject  to  attack  by  rust 
than  round  rods  on  account  of  the  larger  surface,  and 
especially  because  nearly  half  of  the  surface  Is  inac- 
cessible for  painting  and  bears  against  the  wood  of  the 
tank,  where  water  will  collect  and  hasten  rusting.  In 
addition  to  their  advantage  in  better  resisting  rust  round 
rods  have  this  further  advantage,  namely,  under  swelling 
of  the  staves  they  will  sink  Into  the  wood,  where  flat 
bands  may  have  their  stress  Increased  by  this  means. 

Rods  should  not  be  welded,  but  If  It  Is  necessary  to 
use  two  length's  around  the  tank,   two  lugs  should   be 
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•mploytd. 

These  luss  are  made  of  malleable  iron  and  may  be  of 
the  form  shown  in  Fig,  6.  The  rods  are  not  upset, 
hence  the  area  at  the  root  of  thread  must  be  used  in 
determininsT  the  size  necessary^  The  unit  stress  on  steel 
rods  may  be  taken  at  12500  lbs.  per  sq.  in.  The  spacinip 
of  hoops  should  be  close  at  the  bottom,  increasing^  to- 
ward the  top  to  a  maximum  of  about  21  Ins.;  disposed 
so  that  the  rods  will  have  their  proper  share  of  stress, 
as  near  as  practicable.  In  placingr  the  hoops  the  lugrs 
should  not  be  placed  one  over  the  other,  but  arrangred 
spirally  around  the  tank.  An  extra  hoop  or  two  should  be 
used  at  or  near  the  level  of  the  bottom  for  the  sole 
purpose  of  takings  up  the  pressure  due  to  swellingr  of 
the  bottom. 

A  %-in.  dowel  should  be  used  in  the  edsres  of  staves 
to  hold  them  in  place  during  erection,  and  the  bottom 
planks  should  have  dowels  of  the  same  size  ^paced 
about  three  feet  apart. 
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CHAPTER  XXVII. 

Greenhouses  and  Skylights. 

Oreeebouse  conatructlon  In  In  a  class  by  itself.  The 
ordinary  rules  ot  deslgnlns  a  roof  for  heavy  snow  loads 
may  be  disregarded  because  of  the  tact  tbat  the  heat 
of  the  Interior  will  melt  tba  snoir  before  It  can  attain 
niuch  depth.  A  klDil  of  constructlOD  that  has  come  to 
be  quite  common  1b  Illustrated  Id  Fig.  1,  taken  from  an 
article  In  Eng.  News.  Dec.  12.  1301.  by  Arthur  C.  John- 
ston, M.  B.  of  Bristol,  Pa.  Many  city  greenhousea  are 
built  on  these  lines.  The  purlins  ot  this  building  are 
made  of  angles.  In  some  greenhouses — they  are  made 
ol  gaaplpe.  The  span  ol  the  purlins  of  the  gTeenhouaa 
illustrated  herewith  Is  S  feet.  The  glass  Is  embedded 
In  putty  on  the  under  Bide  only.  The  sash  bars  are 
H%  in.  c  to  c.  and  the  panes  are  lG''xZ4''.  They 
are  held  In  with  two  patent  glazing  points  per  light. 
The  lap  of  the  glass  Is  very  small,  as  shown  in  Fig.  t. 
It  U  stated  that  the  smaller  the  lap  the  less  llabTllty 
there  Is  ot  leakage  between  lighta. 
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FiffS.  3  and  4  are  taken  from  fiaslMccrlms  lVcw%  Aug. 
27,  1»08,  where  a  complete  description  will  be  found 
of  the  conservatory  buildings  in  Garfield  Park,  Chicago. 
The  ribs  shown  in  Fig.  3  are  spaced  8.5  ft.  apart.  The 
wooden  glazing  bars  are  carried  on  angle  purlins.  The 
ribs  shown  in  Fig.  4  are  spaced  12.5  ft.  part.  The 
purlins  are  latticed. 

The  roofs  of  these  conservatory  buildings  are  glazed 
with  24  in.  and  16  in.  glass  in  lengths  of  24  ins.  The 
glass  is  ground  on  the  inner  side.  The  lights  are  laid 
with  %  in.  lap,  bedded  in  greenliouse  putty,  and  each 
light  is  secured  by  galvanized  iron  nails.     A  zinc  zee-bar 

f lazing  strip  is  laid  where  the  glass  laps  the  gutters, 
'he  glass  is  bent  to  fit  the  various  curves  of  the  roof. 
The  gutters  are  of  copper,  and  the  leaders  are  carried 
down  inside  the  building. 

There   are    many    kinds    of   skylight   bars,    chiefly   of 

Patented  construction.  Some  of  them  are  very  complex, 
'he  requisites  are:  (1)  a  bar  to  carry  glass  and  its 
load,  (2)  means  to  hold  the  glass  in  place,  (3)  facility 
for  puttying,  (4)  means  for  carrying  off  the  water  from 
sweating  or  leakage.  'Sometimes  strips  of  felt  are  used 
as  a  cushion  and  seal  against  the  glass.  Upper  bars, 
held  in  place  by  bolts,  hold  this  felt  firmly  against  the 
trlass 

The  following,  from  ESng.  Ncw%  Apr.  21,  1904,  are  the 
conclusions  of  a  committee  appointed  by  an  eastern  trunk 
line  to  investigate  and  report  on  trainshed  skylight 
failures  and  their  remedy. 

(1)  That  the  gas  and  smoke  from  the  locomotives, 
because  of  its  influence  on  the  metal  frame  work  of 
skylights,  is  the  primary  cause  of  the  breakage  of  glass. 

(2)  The  contraction  and  expansion  of  the  metal  frame 
is  also  a  serious  cause  of  breakage,  where  the  glass  is 
tightly  fitted  in  the  frames. 

(3)  From  the  testimony  elicited  and  from  personal 
observations,  w^  find  the  percentage  of  breakage  in 
ribbed,  hammered,  and  wire  glass  is  about  equal.  We 
do  not  find  that  the  breakage  of  wire  glass  results  from 
any  internal  stress  being  set  up  by  the  contraction  and 
expansion  of  the  wire  within  it. 

(4)  The  larger  sizes  of  glass  break  more  readily 
than  the  smaller. 

(5)  Glass  set  horizontally,  or  at  an  angle,  breaks 
more  readily  than  glass  set  vertically. 

(6)  Wire  netting  hung  under  glass,  from  the  effect 
of  gases  upon   it,  is  unreliable. 

(7)  Wire  glass  is  most  desirable,  because,  when 
fractured,  the  wire  will  generally  hold  it  in  position 
until  repairs  can  be  made. 

(8)  Steel  bars,  such  as  used  in  skylights  at  Broad 
St.  and  Jersey  City  train  sheds,  because  of  the  effect 
of  gases  on  same,  are  unsatisfactory. 

(9)  Wooden  bars  such  as  used  in  skylights  at  Jer- 
sey City  trainshed  are  desirable,  being  unaffected  by 
erases.  We  recommend  a  zinc  cap  in  place  of  the  wooden 
cap. 

(10)  We  recommend  that  a  zinc  expansion  bar  be 
used,  with  brass  bolts,  In  preference  to  wooden  bars. 
"We  are  led  to  this  concltislon  from  the  zinc  cap  on  the 
slcylights  of  Jersey  City  trainshed,  which  shows  no 
deterioration  from  the  effect  of  the  Ras. 

(11)  We  recommend  that  the  sizes  of  glass  used  in 
skylights  should  not  exceed  24x36  ins. 
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(12)  We  recommend  a  monitor  form  of  skyllgrbt 
preferably  placed  parallel  with  the  tracks;  of  larger 
dimensions  and  increased  height  than  that  in  use  at 
Union  Station,  Pittsburgh,  set  far  enough  apart  so  that 
one  monitor  will  not  obstruct  the  light  of  another;  small 
sizes  of  glass,  set  In  wooden  or  approved  metal  frames, 
frames  set  loose  enough  to  overcome  the  expansion  and 
contraction  of  the  metal  work  of  the  shed. 

(13)  We  also  recommend  ventilating  the  monitor  at 
the  top,  the  opening  being  covered  with  an  umbrella 
shelter,  also  by  putting  on  each  side  of  the  monitor  an 
opening  under  the  eaves  above  the  glass  the  entire 
length. 

Along  the  line  of  the  fifth  recommendation,  above,  it 
is  to  be  noted  that  the  use  of  vertical,  or  nearly  verti- 
cal skylights  is  very  frequently  resorted  to  in  the  roofs 
of  mills  and  factories.  The  saw-tooth  roof,  as  illus- 
trated elsewhere,  is  the  most  common  example  of  this. 
These  vertical  glass  surfaces  are  not  subject  to  the  full 
force  of  falling  hail  stones.  The  exposure  may  be  made 
toward  the  north,  and  thus  direct  sunlight  is  excluded. 
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CHAPTER  XXVIII. 
Gears. 

The  subject  of  grears  interests  the  steel  desigrner  chief- 
ly, if  not  solely,  in  connection  with  the  operation  of  draw 
bridgres.  While  the  mechanical  engineer  usually  designs 
the  machinery  of  a  draw  bridge,  the  structural  engineer 
should  be  familiar  with  the  operation  of  the  same  and 
with  the  strength  of  all  the  parts.  It  is  for  this  reason 
that  a  chapter  on  gears  is  introduced  in  this  book. 

There  are  two  forms  of  gear  teeth  in  common  use, 
though  there  are  many  others  made  use  of  for  special 
purposes.  The  two  referred  to  are  involute  and  eplcy- 
cloidal.  The  former  is  in  greater  favor  and  is  the 
usual  form  of  tooth  used  in  draw- bridge  and  other  heavy 
machinery.  The  elements  of  the  teeth  are  shown  on 
pages   193  and  194  of  Godfrey's  Tables. 

The  involute  is  the  curve  traced  by  the  unwinding 
of  a  cord  from  a  circle.  The  circle  from  which  the  cord 
is  to  be  unwound  in  the  case  of  involute  gears  is  the 
"base  circle."  This  is  a  circle  tangent  to  the  "line  of 
action"  of  the  gears.  The  line  of  action  is  at  15  degrees 
with  the  tangent  to  the  pitch  circle  as  illustrated  in  Fig. 
1.  The  table  on  page  193  of  Godfrey's  Tables  gives 
radii  of  circular  arcs  which  approximate  very  closely 
the  curve  traced  by  a  cord  unwinding  from  the  base 
circle.  This  table,  as  well  as  the  other  is  taken  from 
Grant's  Gearing.  Within  the  base  circle  the  outline  of 
the  tooth  is  straight  and  radial  Joining  to  the  root  of 
the  tooth  by  a  fillet.  The  tooth  of  a  rack  (gear  whose 
pitch  line  is  straight)  is  made  straight  and  at  an  angle 
of  15  degrees  with  a  normal  to  the  pitch  line  (at  right 
angles  to  the  line  of  action),  except  for  the  outer  half 
of  the  face  of  the  tooth;  this  is  given  a  radius  .67  times 
the  circular  pitch. 

The  epicycloid  is  the  path  of  a  given  point  In  the 
circumference  of  a  circle  as  it  rolls  around  another  cir- 
cle. In  epicycloidal  teeth  the  rolling  circle  must  be 
of  a  fixed  diameter  for  any  set  of  interchangeable  teeth, 
in  the  standard  shown  on  page  194  of  Godfrey's  Tables 
the  diameter  of  this  circle  is  equal  to  the  radius  of  the 
pitch  circle  of  a  gear  wheel  having  12  teeth.  The  circle 
upon  which  the  rolling  circle  rolls  is  the  pitch  circle 
of  the  gear.  To  generate  the  curve  of  the  face  the 
generating  circle  rolls  on  the  outside  of  the  pitch  cir- 
cle, and  to  generate  the  curve  of  the  flank  it  rolls 
on  the  inside  of  the  same  circle.  The  table  referred  to 
gives  radii  for  circular  arcs  which  approximate  very 
closely  the  true  curves.  In  this  standard  a  gear  having 
12  teeth  will  have  radial  flanks,  as  the  line  traced  by 
a  given  point  on  a  circle  rolling  on  the  inside  of  another 
circle  of  double  the  diameter  will  be  a  diameter  of  the 
larger  circle.  Gears  of  less  than  10  or  12  teeth  should 
not  be  used,  as  they  will  be  weak  on  accourt  of  exces- 
sive undercut  at  the  root.  There  would  be  interference 
in  a  gear  of  less  than  10  teeth. 
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Gears  for  draw-bridges  etc  are  usually  cast  and  not 
subsequently  cut.  The  elements  and  clearances  given 
in  the  tables  herewith  are  for  cast  gears.  The  same 
forms  of  teeth  are  used  'for  the  cut  gears,  but  the 
clearances  need  not  be  as  much.  The  smaller  gears  of 
the  motors,  etc.,  will  be  cut,  but  the  manufacturers  have 
their  own  standards  for  these. 

Some  specifications  require  cut  gears  where  the  speed 
is  200  feet  a  minute  or  more. 

One  of  the  principal  advantages  of  the  involute  form 
of  gear  tooth  lies  in  the  fact  that  they  articulate  better 
witn  the  same  amount  of  care  in  manufacture  and  not 
the  same  accuracy  is  needed  in  placing  their  shafts. 
They  will  work  well  if  the  centres  are  not  in  the  exact 
relative  positions. 

The  general  term  gear  is  applied  to  the  larger  gear 
wheels,  and  pinion  is  the  name  given  to  the  smaller 
ones. 

The  face  of  a  spur  gear  is  usually  made  three  times 
the  circular  pitch. 

The  number  of  the  teeth  in  two  gear  wheels  en- 
gaging each  other  should  be  incommensurate,  so  that 
the  same  teeth  will  not  wear  on  each  other  at  succes- 
sive revolutions. 

The  wear  on  the  teeth  will  then  be  more  uniform. 

Strenirth  of  a  Gear  Tooth.  The  tooth  of  a  gear  wheel 
is  in  bending  and  shear  at  the  root.  It  must  therefore 
act  as  a  cantilever  beam.  While  in  a  perfect  gear  sev- 
eral teeth  should  be  in  contact  at  once,  it  is  not  safe  to 
base  calculations  upon  more  than  one  acting  at  a  time. 
Assuming  that  the  load  W  acts  at  the  pitch  line,  if  F 
be  the  face  or  width  of  the  tooth,  P  the  pitch,  S  the 
allowed  shearing  stress  per  sq.  in.,  and  K  the  allowed 
extreme   fibre   stress,   we   have 

W  =  .43PPS    (1) 

1V=.08PPK     (2) 

Equation  (1)  will  give  the  allowed  load  on  the  basis 
of  the  permissible  shear,  and  (2)  will  give  the  allowed 
load  on  the  basis  of  the  permissible  extreme  fibre  stress. 
Using  2.000  lbs.,  2,500  lbs.,  and  6.000  lbs.  for  shear,  and 
8,600  lbs.,  6,000  |bs.,  and  11,000  lbs.  for  bending  on  cast 
iron,  semi-steel,  and  steel  respectively,  we  h&ve: 

TV^n:   860  PF  or  280  PF  for  cast  iron (31 

W^=1075  PF  or  400  PF  for  semi-steel     (4) 

ygv=25S0  PF  or  880  PF  for  steel    (5) 

These  values  are  for  gears  in  action  and  not  static 
loads.  The  smaller  of  the  two  values  should  be  used. 
In  other  words,  thtf  bending  on  the  tooth  and  not  the 
shear  will  determine  the  size  necessary.  Formulas  are 
given  which  make  elaborate  allowance  for  the  speed  of 
gears  and  which  allow  a  much  higher  modulus  of  trans- 
verse strength  in  cast  iron  tfor  slow  speeds.  In  a  material 
so  uncertain  as  cast  iron  or  cast  steel  such  nice  dis- 
criminations count  for  little,  and  only  a  factor  of  safety 
of  6  or  8  can  be  relied  on  as  truly  safe  for  any  speed. 

When  teeth  are  shrouded,  that  is,  the  metal 
brought  up  in  flange  form  on  the  ends  of  the  gear  teeth, 
they  are  made  much  stronger.  It  Is  a  case  which  does 
not  admit  of  calculation  for  bending  stresses,  but 
shrouded  gears  are  found  by  test  to  be  88  per  cent, 
stronger  for  parallel  flanks  and  as  much  as  100  per  cent 
stronger  for  radial  flanks  than  teeth  not  shrouded.  (Prac- 
tical Engineer,  Electrical  Pocket  Book,  1900.).  A  good 
average  allowance  is  50  per  cent. 
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Strengrth  of  the  arm  of  a  grear  wheel.  Where  there 
are  n  arms  we  have  a  force  of  W  over  n  at  the  end  of 
each  arm,  as  the  arm  divides  up  the  load  W.  The  criti- 
cal section  is  at  XX.  The  bendingr  at  this  section  should 
not  be  erreater  than  that  which  will  grive  safe  extreme 
fibre  stresses  on  the  section,  usingr  the  same  units  as 
for  the  erear  teeth.  For  heavy  grears  the  arms  are  some- 
times made  of  I  section  . 

The  strengrth  of  the  key  is  g&ged  by  its  shearinar 
area  and  its  bearingr  area.  The  force  taken  by  the  key  is 
WR-^r,  where  R  is  the  radius  of  the  pitch  circle  and 
r  is  that  of  the  shaft.  A  square  steel  feather  key,  that 
is,  one  with  opposite  faces  parallel,  is  usually  employed 
in  draw-bridgre  machinery.  This  key  is  bedded  half  in 
the  hub  of  the  gear  and  half  in  the  shaft.  The  area  in 
shear  is  equal  to  the  product  of  the  width  by  the  length, 
and  that  in  bearing:  is  one-half  as  much.  With  15,000 
lbs.  per  sq.  in.  allowed  in  bearing,  and  7,500  lbs.  per  sq. 
in.  in  shear,  a  trial  for  either  will  determine  the  size  for 
both. 

The  shaft  must  be  able  to  resist  the  torsional  moment. 
In  the  nomenclature  given  above  this  will  be  M^VL  The 
moment  of  resistance  of  the  circular  section  of  the  shaft 
is  .1964  d',  where  d  equals  diameter  of  shaft,  hence, 

WR=.1964    S   d» («) 

where  8  is  the  shearing  stress  allowed  per  sq.  in.  on  the 
extreme  fibre  of  the  shaft.  For  8  =  12,000  lbs.  we  have 
for  steel  shafts. 

d=cube  root  of  .000425WR (7) 

The  bending  moment  on  a  shaft  is  found  by  applying: 
the  load  on  the  gears  at  the  center  of  the  gear  wheel, 
that  is  treating  this  load  as  though  it  were  over  the 
center  of  the  shaft,  and  treating  the  shaft  as  a  pin. 
About  15^000  lbs.  'extreme  fibre  stress  may  be  allowed. 

The  keys  and  key-ways  for  heavy  gearing  are  usually 
made  parallel  and  tight-fitting  and  the  gears  are  forced 
or  shrunk  on. 

The  circular  pitch  of  a  gear  is  the  distance  around 
the  pitch  circle  from  any  point  in  a  tooth  to  the  cor* 
responding  point  in  the  next  tooth.  It  is  the  circum* 
ference  of  the  pitch  circle  divided  by  the  number  of 
teeth.  The  circular  pitches  of  teeth  engraging  each 
other  must  be  equal.  The  diameters  of  the  pitch  circles 
will  then  be  in  proportion  to  the  number  of  teeth. 

The  diametral  pitch  of  a  gear  is  the  number  of 
teeth  in  the  gear  to  each  inch  in  the  pitch  diameter  of 
the  gear.  The  diametral  pitches  of  ^ears  engaging  each 
other  must  be  equal. 

A  spur  gear  Is  one  whose  pitch  circles  all  He  in  a 
cylinder,  and  whose  teeth  are  parallel  to  the  axis  of 
rotation.  This  is  the  common  form  of  gear  for  trans- 
mitting   motion    between    parallel    shafts. 

In  the  spiral  gear  the  axes  of  rotation  are  parallel, 
but  the  teeth  wind  around  the  same,  so  that  the  line  of 
contact  between  two  teeth  is  short — theoretically  a  point. 
An  example  of  this  kind  of  gear  combines  two  spiral 
gears   which    meet   in   herringbone   fashion. 

A  bevel  gear  is  one  in  which  the  pitch  circles  lie 
in  cones.     When  the  elements  of  the  cone  are  at  46  de- 

S*ees   with   the   axis,   the   gears  are   called   mitre   gears, 
itre    gears   are    used    where   two    equal    gears   engrage, 
whose  axes  are  at  right  angles  to  each  other. 
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CHAPTER  XXIX. 
Inspection  and  Tests  of  Steel  Work. 

MIU  iMpectioB. 

Mill  inspection  of  rolled  steel  consists  in  making  the 
tests  to  determine  the  character  of  the  steel  and  in  ex- 
aminingr  the  material  for  surface  and  e&ge.  The  hand- 
ling of  material  for  surface  inspection  at  the  mills  has 
come  to  be  a  matter  of  expediency  with  the  manufac- 
turers. Objection  to  the  expense  of  turning:  the  material 
for  examination  has  amounted  to  refusal,  in  the  majority 
of  cases,  to  doing:  any  more  handling  of  material  than 
that  necessary  to  cut,  straigrhten,  and  load  the  same. 
Sketch  plates,  that  is,^  plates  that  are  sheared  in  the 
mills  to  shapes  siven  on  sketches  furnished  with  the 
mill  orders,  are  usually  measured  by  the  inspector.  Eye- 
bar  flats  should  be  carefully  examined  at  the  mills  for 
section  and  surface  defects  and  at  the  ends  for  pipes. 

The  usual  defects  in  rolled  steel  are  seams,  snakes, 
pipes,  ragrgre'd  edgres.  cinder  pockets.  Seams  are  caused 
by  the  steel  lapping  under  the  rolls.  They  should  be 
examined  with  hammer  or  chisel  to  see  the  extent  to 
which  they  reach  in  the  thickness  of  the  plate.  Snakes 
are  slivers  of  steel  rolled  into  the  side  of  the  plate.  The 
inspector  must  exercise  his  Judgment  in  determining 
whether  or  not  these  defects  impair  the  strength  of  the 
structure.  If  the  indentation  is  deep  the  piece  should 
be  rejected.  Pipes  are  cylindrical  holes  which  show  up 
in  the  ends  of  the  rolled  sections.  They  are  elongated 
air  cavities  that  occur  usually  in  the  top  end  of  the  ingot. 
They  should  be  sheared  off  with  the  crop  end  of  the 
bloom.  Piped  steel  should  not  be  accepted.  The  outer 
edges  of  beam  and  channel  flanges  are  sometimes  left 
ragged.  Other  shapes  are  also  sometimes  ragged  on  the 
edges.  Pieces  jhould  be  rejected  that  do  not  All  the 
rolls;  a  deficiency  which  is  manifested  in  wavy  or  ragged 
edges.  Cinder  pockets  usually  show  up  on  the  surface 
of  the  steel. 

Wide  plates  are  sometimes  warped  or  buckled.  Such 
plates  should  be  rejected,  if  they  are  to  be  used  flat  and 
not  curved  or  buckled. 

Mill  Tests.  The  mill  inspector  is  called  upon  to  make 
tests  upon  the  material  and  sometimes  finished  product 
turned  out  by  the  mills  and  foundries  and  shops.  Some 
of  the  tests  given  herein  do  not  pertain  to  structural 
steel  work,  but  the  structural  steel  inspector  is  frequently 
required   to    make    the    tests. 

Usually  in  tensile  tests  the  elastic  limit  is  read  by 
the  drop  of  beam,  that  is,  the  point  where  the  weighing 
beam  drops  as  it  is  being  run  out  at  a  regular  rate.  This 
is  not  an  accurate  means  of  determining  the  elastic 
limit,  unless  a  very  slow  speed  is  used.  In  the  inter- 
mediate speed  of  the  machine,  which  is  commonly  used, 
this  method  gives  an  elastic  limit,  for  ordinary  struc- 
tural steel,  several  thousand  pounds  per  square  inch  too 
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ffreat.  It  is  the  commercial  method,  however,  and  is 
generally  understood  and  allowed  for.  This  method  can- 
not be  used  on  nickel  steel,  because  there  is  not  so  sharp 
a  bend  in  the  curve  of  extensions. 

Another  method  of  flndingr  the  elastic  limit  of  test 
specimens  is  by  use  of  a  pair  of  dividers  having  sharp 

f»oint8.  These  points  are  held  in  two  prick  punch  marks 
ust  eigrht  inches  apart,  and  when  there  is  a  perceptible 
stretch  the  elastic  limit  is  reached.  Or  the  side  of  the 
specimen  may  be  chalked  and  only  one  prick  punch  mark 
used.  One  point  of  the  dividers  is  held  in  this  mark 
and  an  arc  Is  scribed  in  the  chalked  portion  of  the  test. 
A  very  small  stretch  can  be  observed  in  this  way.  On 
nickel  steel  when  the  total  stretch  under  load  is  .020  to 
.025  inches  the  elastic  limit  may  be  recorded. 

There  are  methods  of  detectingr  the  elastic  limit  of 
specimens  by  use  of  an  extensometer,  that  are  not  often 
used  commercially,  but  are  comparatively  simple  of 
application.  ~ 

The  drop  of  beam  on  a  very  slow  speed  is  believed 
to  be  a  very  reliable  and  accurate  means  of  determiningr 
the  elastic  limit  for  ordinary  structural  steel. 

The  erreater  number  of  tests  made  on  material  are 
tensile  tests.  The  most  common  are  tests  on  steel  or 
iron.  Followlngr  is  a  description  of  the  principal  tests 
made  upon  material  and  upon  finished  products. 

Tenaile  Testa  on  Steel.  For  this  test  a  sample  or 
specimen  is  cut  out  of  a  piece  of  the  material  to  be 
tested.  Two  faces  of  this  test  piece  must  be  parallel. 
If  the  piece  is  an  I  beam  or  a  channel,  the  test  should 
be  cut  out  of  the  web.  Exact  areas  must  be  found,  hence 
the  edgres  of  the  piece  must  be  planed  parallel.  Filleted 
edges  of  angles  should  not  be  left  on  the  piece,  as  the 
area  cannot  be  exactly  determined,  unless  the  cross  sec- 
tion is  either  circular  or  rectangrular. 

When  the  steel  is  of  such  section  that  it  has  not 
two  parallel  surfaces,  the  test  piece  is  either  planed  on 
three  or  four  sides  or  turned.  Tests  on  pins  are  made 
thus,  also  tests  on  steel  castings.  The  ordinary  test  on 
rolled  steel  is  planed  straight  the  full  length  (sometimes 
for  only  about  10  inches,  the  ends  being  wider  so  as  to 
prevent  breaking  in  the  grips).  When  turned,  the  piece 
should  be  turned  for  about  10  inches  and  planed  flat  at 
the  ends  or  threaded,  for  gripping.  Tests  on  cast  steel 
and  forgings  are  turned  parallel  for  a  little  more  than 
2  inches.  ^. 

Before  the  tensile  test  is  made  the  edge  or  side  of 
the  piece  is  marked  with  a  prick  punch  every  inch  for 
the  full  length  of  the  part  planed  parallel.  This  is  for 
the  purpose  of  measuring,  after  fracture,  the  amount 
of  stretch  in  8  inches  (or  in  2  in.  for  cast  steel)  in  the 
part  of  the  piece  which  stretches  the  greatest  amount. 
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The   following   is    the    usual    form    upon    which    mill 
tests  of   material   are   made: 
(1)     Blow  or  Cast Heat 


<2)     Test    cut   from 

<3)     Area   ~ 

(4)  Elas.   Lim 7. 

(5)  Ult.  Str 7. 

(6)  Elongr ~ 

(7)  Red.    ...  ."7 7 

<8)     Fract 

(9)  Car Phos Mang Sul Sil. 

(10)  Ace.  or  Rej Bess Basic Acid 

(11)  Remarks 


When  the  test  is  to  be  pulled,  the  dimensions  are  ac- 
curately measured  with  the  micrometer  grage.  These 
dimensions  are  placed  in  line  (3)  after  the  word  Area^ 
and  the  calculated  area  is  placed  after  the  aign  of  equal- 
ity. On  lines  (4)  and  (5)  the  beam  readingrs  for  the 
elastic  limit  and  the  ultimate  strength  are  first  put  down; 
then  these  are  divided  by  the  area  to  obtain  the  values 
per  square  inch,  which  are  placed  after  the  sign  of  equal- 
ity. On  line  (6)  is  placed  first  the  elongation  (usually 
in  8  inches)  in  inches,  then  the  percentage  of  elongation. 
On  line  (7)  the  dimensions  of  the  reduced  area  of  frac- 
ture are  first  put  down,  then  the  area,  then  the  per- 
centage of  reduction  from  the  original  area.  Line  (8) 
is  for  a  description  of  the  fracture.  For  steel  specimens 
it  ifl  usually  understood  that  the  fracture  is  silky.  If 
the  fracture  is  granular  or  shows  the  blue  color  of  over- 
heated steel,  it  should  be  so  noted  on  the  test  slip.  The 
description  of  the  fracture  of  a  rolled  steel  specimen  is 
usually  f  iven  in  a  word  describing  the  shape  of  the 
break.  The  terms  most  used  are  cup,  H  cup,  angular, 
irregular.  The  first  indicates  that  one  broken  end  is  hol- 
lowed out  like  a  cup;  the  second,  that  only  half  of  the 
specimen  exhibits  this  concavity.  The  angular  break 
is  nearly  in  a  plane  on  an  inclination  with  the  piece, 
and  the  irregular  break  is  "choppy."  Cast  steel  breaks 
are  described  as  fine  granular,  coarse  granular,  etc.  The 
fracture  in  a  wrought  iron  specimen  is  described  with 
reference  to  its  texture.  If  granular  or  crystalline 
patches  are  visible  the  percentage  of  the  same  should 
be  noted,  or  if  wholly  fibrous,  it  should  be  so  noted. 
Line  (9)  is  for  the  chemical  analysis,  which  may  be 
obtained  from  the  mills.  The  amounts  of  the  different 
elements   present  are   given  in   percentages. 

In  the  usual  procedure  at  the  steel  mills  the  tests 
are  made  and  recorded  by  employes  of  the  mills,  and  it 
is  the  duty  of  the  inspector  to  make  duplicate  copies  of 
all  tests  as  the  work  progresses,  also  to  see  that  these 
tests  are  correctly  made  and  that  the  results  are  cor- 
rect.    He   should   satisfy   himself  as   to   the   preparation 
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of  the  test  piece,  '.he  marking,  the  micrometer  readingrs, 
the  beam  readings,  etc.  Tests  are  sometimes  made  at 
the  rate  of  50  or  more  per  hour.  The  dimensions  of  the 
cross  section  are  first  given  by  the  operator  for  the  set 
of  tests  to  be  pulled,  and  while  the  prick  punch  marks 
are  being  made,  and  in  snatches  of  spare  time  the  areas 
must  be  worked  out.  When  the  dimensions  of  the  break 
are  read,  the  area  is  also  worked  out  *'by  hand."  For 
all  other  calculations,  Thatcher's  slide-rule  is  generally 
used.  By  one  setting  the  elastic  limit  and  ultimate 
strength  per  square  inch  and  the  percentage  of  reduc- 
tion of  area  may  be  read.  As  many  inspectors  do  not 
use  the  slide-rule  except  in  making  tests,  this  operation 
will  be  described  in  full.  The  area  of  the  cross  section 
of  a  test  piece  being  known,  this  quantity  is  found  on 
the  lower  scale  of  the  bars  and  set  opposite  100  on  the 
cylinder.  When  the  elastic  limit  is  read  on  the  beam, 
this  number  is  found  on  the  lower  scale  of  the  bars  and 
opposite  it  on  the  cylinder  will  be  found  the  elastic 
limit  per  square  inch.  Similarly  the  ultimate  strength 
per  square  inch  is  found.  To  obtain  the  percentage  of 
reduction  from  the  original  area  the  reduced  area  is 
found  on  this  same  lower  scale,  but  instead  of  settinsr 
down  the  number  found  opposite  it  on  the  cylinder  Its 
complement  is  written  down.  The  direct  reading  would 
be  the  percentage  that  the  fractured  area  bears  to  the 
original  area,  whereas  the  value  sought  is  the  percentage 
of  reduction,  or  the  difference  between  100  and  the  direct 
reading.  The  complement  of  a  number  is  the  number 
which  added  to  the  first  will  make  1,  10,  100.  etc.  It  is 
read  by  setting  down  in  place  of  each  digit  the  digit 
which  added  to  it  will  make  9  (excepting  the  last  one 
which  should  make  10).  Thus  if  the  direct  reading  were 
4763  it  would  be  set  down  5237,  since  4  and  5  are  9,  7  and 
2  are  9,  6  and  3  are  9,  and  3  and  7  are  10.  The  area 
would   thus  be  reduced  62.37  per  cent. 

The  position  of  the  decimal  point  is  not  indicated  of 
course,  upon  the  slide-rule,  but  there  can  be  no  doubt 
about  its  place  in  these  operations. 

Bend  Testa.  One  of  the  tests  to  determine  the  ductility 
of  steel  or  iron  is  the  bend  test.  For  this  test  the  piece 
is  prepared  the  same  as  for  tensile  tests.  The  reason 
that  the  edges  are  planed  is  to  cut  away  the  metal  affected 
by  shearing,  Which  is  apt  to  induce  cracks  on  the  edges 
of  the  piece.  The  bending  is  either  done  by  use  of  a 
hammer  and  anvil  or  by  a  special  press  with  dies  made 
for  the  purpose.  In  the  nick  bend  test  to  determine  the 
quality  of  wrought  iron  the  side  of  the  bar  is  nicked 
with  a  chisel  and  the  piece  is  bent  with  the  nick  on  the 
outside  of  bend.  The  fibres  of  iron  are  torn  apart,  show- 
ing its  structure  and  the  "granular  specks"  that  appear 
in  varying  quantities.  The  refining  process  eliminates 
these  specks.  In  large  specimens  the  nick  bend  test  will 
show  whether  the  welding  is  complete.  Iron  that  is 
suddenly  broken  under  the  bend  test  is  liable  to  break 
with  a  crystalline  fracture.  A  nick  bend  test  is  also 
made  on  steel  rivet  rods.  While  the  material  is  not 
fibrous,  it  should  stretch  out  and  give  a  gradual  and 
not  a  sudden  fracture. 

Teats  on  Cast  Iron.  Tests  on  cast  Iron  are  usually 
made  by  breaking  a  piece,  usually  one  Inch  square,  by 
loading  it  as  a  beam  with  a  load  midway  between  sup- 
ports. The  piece  is  cast  in  a  separate  sand  mold  at 
the    time    of    pouring    the    casting.      Some    specifications 
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require  that  the  distance  between  supports  be  12  in8« 
and  the  center  load  2,400  lbs.,  while  others  grive  4' — 8" 
and  500  lbs.  The  former  requires  a  machine  on  account 
of  the  heavy  load,  while  the  latter  can  be  made  by  hangr- 
ingr  weigrhts  on  the  bar  until  it  breaks  and  then  weigrh- 
ingr  the  load  used. 

Sometimes  the  deflection  at  maximum  load  on  a  cast 
iron  piece  in  bending:  is  required.  On  account  of  the 
sudden  breaking:  of  the  piece  a  deflectometer  cannot  be 
used  without  risk  of  breakingr  it.  Some  machines  have 
indicators  to  show  the  deflection.  Calipers  are  sometimes 
used. 

Drift  Test.  The  drift  test  is  to  determine  the  ductility 
of  the  metal  when  cold.  The  test  is  made  by  punchingr  a 
hole  near  the  edgre  of  metal  and  then  enlargring:  the 
hole  by  driving:  a  drift  pin  througrh  it  whose  maximum 
diameter  is  that  desired  for  the  enlargred  hole. 

Hawmer  Test.  A  test  of  the  malleability  of  metal 
is  called   the   hammer   test.     This   test  is   performed   by 

f niacins  the  specimen  upon  the  anvil  and  cold-hammeringr 
t  until  it  is  about  one-half  or  one-third  of  its  original 
thickness. 

Finished  rivets  and  spikes  are  sometimes  subjected 
to  the  bend  test  or  the  hammer  test. 

Another  test  applied  on  spikes  is  that  of  twisting  the 
spike.  A  railroad  spike  should  stand  two  complete  turns 
in  the  twisting:  test.  This  test  may  be  made  by  means 
of  a  vice  and  wrench. 

Bye  Bar  Tests.  In  making:  a  full  size  test  on  an  eye 
bar  the  bar  is  first  marked  with  a  prick  punch  every  12 
inches.  Its  length  back  to  back  of  holes  is  measured, 
also  the  diameter  of  pins  and  width  and  thickness  of 
heads,  as  well  as  the  section  of  the  bar.  The  excess  of 
area  beside  each  pin  is  calculated.  After  fracture  the 
elongation  back  to  back  of  holes,  the  elongation  of  pin 
holes,  the  elongation  in  each  foot  and  usually  in  ten  feet, 
are  all  measured  and  recorded.  The  location  of  fracture 
is  neted  on  a  sketch  of  the  bar,  and  a  description  of  the 
fracture  is  given.  While  the  bar  is  being  tested,  of  course, 
the  elastic  limit  and  the  ultimate  strength  are  noted,  and 
the  unit  values  are  calculated. 

Tests  Oa  Ckala.  Chain  is  tested  in  a  special  machine, 
when  chain  is  made  it  should  be  subjected  to  the  proof 
load  in  order  to  detect  any  bad  links.  The  test  on  the 
chain  consists  in  first  applying  the  proof  load  or  proof 
test  and  then  removing  the  chain  to  examine  it  for 
defermed  links.  If  any  such  links  are  found,  it  is  cause 
for  rejecting  the  chain.  The  ultimate  strength  of  the 
ehain  is  then  found,  and  the  chain  is  measured  to  deter- 
mine the  amount  of  stretch  from  the  original  length. 
Usually  a  sample  about  two  feet  long  is  taken  for  test 
The  inspector  should  examine  the  entire  order  of  chain, 
l^aying  particular  attention  to  the  welds.  A  piece  should 
be  weighed  to  determine  the  weight  per  foot.  ! 

Springs.  The  test  on  springs  consists  in  applying  a 
certain  load,  given  in  the  specifications,  and  calipering 
the  height.  The  load  to  close  the  spring  is  then  applied 
and  the  height  measured.  The  free  height  is  measured 
before  and  after  the  test.  There  should  be  no  per- 
manent set. 

Axles.  Car  axles  are  tested  by  the  drop  test.  By  some 
specifications  the  axle  is  to  be  supported  on  an  anvil 
weighing  17,500  lbs.  resting  on  springs.  The  distance 
t,  to  e.  of  supports  is  three  feet.     A  weight  called  the  tup, 
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of  1,^40  lbs.,  is  dropped  so  as  to  strike  midway  between 
the  ends  of  the  axle.  Some  axles  are  required  to  stand 
5  blows  and  some  7.  The  axle  is  turned  after  the  first, 
third,  and  fifth  blows.  The  height  of  the  drop  varies 
between  26  H  and  48  ft.  and  the  allowed  deflection  due 
to  the  first  blow  lies  between  4%"  and  8^''  for  different 
axles.  The  deflection  is  measured  by  means  of  a  wooden 
sragre,  and  is  the  deviation  of  the  center  of  the  axle  from 
its  oriflrinal  position  with  respect  to  the  ends.  Axles 
must  not  rupture  or  fracture  in  any  way  after  the  re- 
quired number  of  blows. 

Ralls.  The  steel  for  rails  is  of  a  special  quality,  higrh 
in  carbon  and  in  ultimate  strengrth.  It  is  not  often  speci- 
fied that  tensile  tests  be  made  on  rails.  The  drot>  test  is 
the  usual  test  made  on  rails.  A  short  piece  of  the  rail 
is  placed  head  upward  on  a  solid  steel  or  iron  anvil 
(which  should  weigrh  about  20,000  lbs),  between  supports 
about  three  or  four  feet  apart,  and  a  tup  is  dropped  on 
the  middle  of  the  rail  from  a  given  height.  One  railroad 
requires  that  the  distance  between  supports  be  three 
feet  for  66-lb.  rails  and  four  feet  for  76-lb.  rails  and  that 
a  weight  of  2,000  lbs.  be  dropped  from  a  height  of  16  ft. 
The  radius  of  the  striking  face  of  the  tup  should  be  5  ins. 

Car  Wheels.  Car  wheels  are  subjected  to  a  drop  test 
and  a  thermal  test.  The  requirements  for  one  railroad 
for  38-in.  cast  iron  wheels  are  that  three  wheels  be 
taken  for  test  out  of  every  100,  one  for  drop  test  and 
two  for  thermal  test.  For  the  drop  test  the  wheel  is 
placed  fiange  downward  on  an  anvil  block  weighing  not 
less  than  1,700  lbs.,  set  on  rubble  masonry  two  feet  deep, 
and  having  three  supports  not  more  than  6  ins.  wide  for 
the  flange  of  the  wheel  to  rest  upon.  It  must  be  struck 
centrally  upon  the  hub  by  a  weight  of  140  lbs.  falling 
from  a  height  of  .12  ft.  The  wheels  should  stand  ten 
such  blows  without  breaking.  For  the  thermal  test  the 
wheel  is  laid  flange  down  in  sand  and  sand  is  built  up 
around  it  so  as  to  leave  a  channel  1^''  wide  by  i"  deep 
over  the  tread  of  the  wheel.  While  the  wheel  is  cold 
(it  must  not  feel  warm  to  the  hand),  molten  metal  is 
poured  into  the  channel,  thus  covering  the  chilled  tread 
and  the  throat  of  the  flange.  The  metal  should  be  poured 
at  one  place  and  should  be  hot  enough  to  unite  thor- 
oughly on  the  other  side  of  the  circle.  The  drawing  of 
the  chill  will  render  the  wheel  useless.  It  may  be 
cracked  by  the  test.  It  is  to  be  examined  two  minutes 
after  the  metal  is  poured,  and  if  found  to  be  broken  in 
pieces,  or  if  any  of  the  cracks  in  the  plate  (part  of  the 
wheel  between  the  hub  and  rim)  extend  through  or  into 
the  tread,  the  test  has  failed. 

The  drop  test  seldom  breaks  a  wheel.  The  test  wheel 
is,  however,  taken  to  another  drop  and  broken  up  in 
order  to  examine  the  chill.  The  depth  of  the  white  iron 
produced  by  the  chill  is  to  be  noted.  This  should  not 
exceed  certain  specifled  limits.  In  general  it  should  be 
about  %  ins.  on  the  tread. 

Shop  laspectloB. 

The  duties  of  the  shop  inspector  are  to  see  that  the 
work  as  it  leaves  the  shop  is  in  agreement  with  the 
detail  drawings  and  the  specifications  governing  the 
work. 

Where  it  is  practicable  his  work  should  begin  with  the 
template  maker  or  the  layer  out  to  see  that  the  proper 
size  of  rivet  holes  are  being  marked  on  the  template  and 
the  material,  and  that  the  necessary  care  is  being  exer- 
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cised  to  insure  the  correct  spacingr  and  location  of  the 
rivets.  Exactness  to  a  sixty-fourth  of  an  inch  should 
be  the  rule  in  laying:  out  the  parts,  or  larger  errors  will 
result  in  the  punching:,  requirinsr  heavy  drifting:  or 
reaming:  and  resulting:  in  unfair  holes.  Ag:ain  in  reamed 
work  the  requirement  of  punching:  small  holes  is  some- 
times wilfully  or  otherwise  ig:nored  until  the  work  is 
assembled,  and  then  the  purchaser  is  appealed  to  to 
accept  work  which  violates  the  specifications  under  which 
it  is  contracted. 

The  kind  of  holes  being:  punched  is  the  next  point 
which  should  eng:ag:e  the  inspector's  attention.  In  plain 
punched  work  the  die  should  be  1-16"  larg:er  in  dia.  than 
the  punch.  A  greater  difference  than  this  will  result 
in  holes  that  are  almost  impossible  to  fill  with  a  rivet, 
and  a  less  difference  will  cause  the  material  to  be  hard- 
ened around  the  hole  on  the  die  side  makingr  it  liable 
to  fracture  due  to  the  brittleness.  Burrs  oug:ht  not  to 
be  left  around  the  edg:e  of  hole,  they  are  probably  due 
to  dull  and  worn  edges  in  the  die.  Where  they  occur 
the  holes  should  be  trimmed  by  light  cutting  with  a 
counter- sinking  tool. 

The  inspector  should  measure  all  sections  used  in  the 
work  to  see  that  the  proper  sizes  of  material  are  used. 
In  girders  the  thickness  of  flange  angles  and  thickness 
and  length  of  all  cover  plates  should  be  measured.  Un- 
scrupulous manufacturers  sometimes  skin  the  work,  that 
is,  order  all  material  about  1-32''  or  more  light  in  thick- 
ness. In  the  sizes  of  beams  and  channels  an  inspector 
may  be  deceived,  unless  standard  or  lightest  weights 
are  called  for.  The  thickness  of  web  should  be  meas- 
ured, and  an  inspector  should  have  at  hand  a  table  giving 
the  web  thicknesses  for  various  weights,  as  the  drawing 
often  gives  only  the  weight  per  foot.  In  columns  having 
similar  details  and  equal  lengths,  but  with  various 
weights  of  channels,  the  material  is  apt  to  be  mixed 
in  the  shop  and  the  channels  not  paired  properly. 

Building  columns  should  be  measured  on  at  least  three 
corners,  and  a  square  and  straight-edge  should  be  applied 
occasionally  to  determine  the  accuracy  of  the  planing  of 
ends. 

The  distance  between  pins  in  pin-connected  members 
should  be  measured  on  both  sides  of  the  piece. 

Wooden  standards  for  long  measurements  should  be 
used  with  caution.  A  steel  tape  will  erive  more  accur- 
ately the  correct  length,  as  it  expands  and  contracts 
with  the  piece  measured,  and  will  usually  be  the  same 
temperature.  Wood  is  practically  of  constant  length, 
and  will  only  give  correct  length  of  steel  parts  at  a 
certain  temperature. 

Much  time  can  be  saved  to  the  inspector,  and  better 
work  is  assured,  if  he  watches  the  operations  of  the 
shops  in  every  particular.  Assurance  that  the  class  of 
work  done  is  good  in  certain  respects  will  give  him 
more  time  to  detect  poor  work  in  other  respects,  for 
which  facilities  may  not  be  so  good,  or  in  which  work- 
men are  not  skilled.  If  the  heaters  are  careless  and 
burn  the  rivets,  or  if  the  riveters  do  not  adjust  the 
riveting  machine  properly,  or  if  the  pressure  is  released 
while  the  rivet  is  still  light  red,  or  if  the  air  pressure 
is  too  small  for  good  riveting  (generally  it  should  be 
100  lbs.  or  more),  a  wholesale  cutting  out  of  the  imper- 
fect rivets  should  be  ordered. 

The    shop    inspector    should    see    that   the    pieces    are 
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straiflrht  before  assembling.  He  should  see  that  surfaces 
comingr  in  contact  are  painted  with  good  paint  .before 
being  put  together.  He  should  insist  on  machine  rivets 
wherever  possible.  He  should  see  that  surfaces  of  metal 
are  clean  before  the  shop  paint  is  applied,  free  from  rust 
and  grease:  also  that  the  proper  kind  of  paint  is  used, 
and  that  it  is  properly  applied  and  of  proper  consistency. 
Painting  should  not  be  done  on  wet  surfaces  nor  in 
freezing  temperature.  Paint  should  not  be  thinned  to 
make  it  work  easily. 

If  planed  ends  and  pin  holes  are  not  smoothly  fin- 
ished, better  work  should  be  demanded. 

The  measurements  which  the  inspector  must  be  most 
careful  in  making  are  those  of  the  field  connections,  so 
that  the  work  will  fit  together  when  erected.  He  should 
see  that  no  holes  are  missed,  as  a  single  hole  drilled  in 
the  field  may  sometimes  cost  50  cents  or  more.  He  should 
see  that  clearances  are  preserved.  Where  a  plate  is  to 
enter  a  space  in  which  it  fits  snugly,  the  parts  should  be 
kept  apart  by  washers  or  otherwise,  so  that  driving  will 
not  be  required  in  the  erection.  In  pieces  having  jaw 
plates,  as  at  pins,  the  correct  distances  hetween  these 
plates  should  be  preserved  by  the  use  of  blocks,  if  the 
action  of  the  riveters  has  any  tendency  to  alter  this 
distance. 

Some  of  the  points  that  demand  special  attention  are 
the  following: 

(a)  Neat  fit  of  stiffener  angles,  both  in  girders  and 
under  brackets  for  beams.  This  should  be  strenuously 
insisted  upon,  especially  where  loads  or  reactions  are 
carried  directly  by  these  stiffeners.  They  should  be 
planed   or  ground  on  the  ends  in  these  cases. 

(b)  Flat  plates  on  bases  of  columns  or  shoes,  or  for 
horizontal  distributing  plates  in  column  splices.  These 
must  not  be  warped  or  bowed. 

(c)  Planing  of  the  ends  of  columns  and  the  lower 
edges  of  the  webs  of  truss  shoes  for  a  good  bearing  on 
the  base  plates.  Sometimes  the  drawings  do  not  call 
for  this,  it  being  understood  in  the  shop  that  it  is 
invariably  done.  These  parts  should  be  planed,  unless 
the  drawing  states  that  planing  is  not  required. 

(d)  Close  contact  between  the  planed  ends  of  columns 
or  the  webs  of  shoes  and  the  base  or  cap  plates.  If  the 
planing  is  not  done  with  the  angles  riveted  in  place, 
special  care  must  be  used  in  the  riveting  to  prevent 
the  base  plate  from  being  forced  away  from  the  planed 
section.  This  would  throw  the  load  on  the  connection 
angles,  which  are  usually  intended  merely  to  hold  the 
base   plate   In   place. 

I  (e)  Gussets  and  other  connecting  pieces  that  may  be 
reversed  but  are  not  symmetrical,  should  be  carefully 
^vtratched 

The  tape  line  used  in  shop  inspection  should  have  a 
hook  exactly  at  the  end.  This  may  be  hooked  in  the 
side  of  a  rivet  hole,  and  the  distance  between  rivet  holes 
is  measured,  not  from  center  to  center,  but  from  edge 
to  edge.  Or  the  hook  may  be  placed  on  the  end  of  a 
piece.  Pin  holes  are  also  measured  from  edge  to  edge, 
allowance  being  made  where  the  pins  are  of  different 
diameters.  The  hook  on  the  tape  line  enables  the  in- 
spector to  do  much  work  single-handed  which  would 
otherwise  require  a  helper.  It  also  lessens  the  depend- 
ence upon  the  helper's  accuracy  in  holding  the  tape  line. 

The    inspection    of   castings    consists    in    ascertaining 
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whether  or  not  they  agrree  in  dimensions  with  the  draw- 
ingrs  and  in  testing:  with  the  hammer  for  soundness. 
The  inspector  should  insist  upon  well  cleaned  castings. 
Some  foundrymen  are  not  above  flllingr  in  cavities  with 
lead  or  other  convenient  material  and  covering^  the  same 
with  blackened  samd.  Also  cracks  are  sometimes  ce- 
mented  to  hide   their   presence. 

The  inspector  should  see  that  the  iron  is  cast  from 
re- melted  pigr  iron  and  not  from  the  blast  furnace.  He 
should  also  see  that  the  test  mold  is  made  at  the  same 
time  as  the  casting:  and  not  merely  a  sample  handed  out 
from  a  stock  reserved  for  the  purpose,  poured  from  a 
grood  heat. 

The  core  in  hollow  cast  iron  columns  may  become  dis- 
lodgred  in  the  casting:.  In  addition  to  what  measurements 
can  be  taken  at  the  ends  of  columns  two  holes  about 
^"  in  diameter  should  be  drilled  througrh  the  shell  of 
the  columns  near  the  middle.  These  holes  should  be  90^ 
apart.  By  means  of  a  straigrht  wire  with  a  hook  (short 
bend  at  90^)  the  thickness  of  the  shell  through  which 
the  hole  is  bored  may  be  directly  measured.  Also  the 
distance  to  the  opposite  wall  of  column  may  be  sub- 
tracted from  the  external  diameter  to  obtain  the  thick- 
ness of  metal  opposite  the  hole.  In  this  manner  it  may 
be  ascertained  whether  the  metal  is  of  uniform  thickness. 

Remedying  Defeettve  'Work.  When  inspection  of  shop 
w^ork  is  continuous  from  the  begrinning:  of  the  fabrication 
of  the  material,  the  liability  of  errors  or  of  defective 
work  is  reduced  to  a  minimum.  But  it  is  not  always 
possible  or  practicable  for  the  inspector  to  be  present 
through  the  entire  operation,  ^he  finished  work  is  often 
presented  to  l?im  for  inspection.  Defective  work  is  often 
met  with  which  is  simple  to  remedy,  but  occasionally 
the  defects  are  so  bad  as  to  make  the  question  of  accept- 
ance a  serious  one.  Out  and  out  rejection,  in  these  days 
when  replacing  the  material  of  a  piece  often  requires 
several  months,  and  when  a  few  days  of  delay  may  mean 
hundreds  of  dollars  of  loss,  should  only  be  resorted  to 
when  the  full  strength  of  a  member  cannot  be  made  up 
by  repairing  it.  It  devolves  upon  the  inspector  to  exer- 
cise his  judgment  in  devising  or  passing  upon  a  scheme 
to  remedy  defective  members.  A  few  examples  will 
possibly  be  of  use  as  showing  what  may  be  done  in  the 
cases  cited. 

The  kind  of  defective  work  most  often  met  with  is 
loose  or  badly  formed  rivets.  It  is  trite  to  say  that  all 
rivets  should  be  tight  and  the  heads  should  be  well  and 
regularly  formed  and  concentric  with  the  hole.  It  would 
seem  then  that  it  only  remains  to  say  that  if  rivets  are 
found  loose  or  with  cocked  heads  they  should  be  cut  out 
and  replaced.  To  one  who  has  had  experience  in  shop 
inspection,  however,  there  is  more  to  the  question  than 
this.  As  to  replacing  rivets  that  are  poor  in  appearance 
but  tight,  scarcely  any  purpose  is  served  except  the 
silencing  of  over-wise  critics. 

To  remove  a  tight  but  somewhat  crooked  machine 
driven  rivet  and  replace  it  by  a  neater  appearing  hand- 
driven  rivet  is  of  very  doubtful  benefit.  The  replace 
rivets  are  almost  invariably  hand  driven,  as  the  re- 
handling  of  the  piece  to  drive  a  few  machine  rivets  would 
be  impracticable.  In  some  locations  it  is  impossible  to 
drive  neat  appearing  rivets.  It  may  be  possible  to  stove 
up  the  rivet  and  fill  the  hole,  but  to  operate  the  set  and 
form  a  symmetrical  head  may  be  interfered  with  by  pro- 
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Sometimes  it  is  impossible  to  replace  rivets  that  are 
driven  and  found  to  be  loose.  For  example  in  brackets 
riveted  to  the  side  of  a  closed  column  the  heads  of  the 
rivets  are  in  the  interior  of  the  coliynn,  and  the  rivets 
could  not'  be  re-driven  after  the  column  is  finished.  It  is 
important  in  such  details  that  inspection  be  made  of  the 
rivets  in  the  brackets  before  the  column  is  closed.  It  is 
also  important  that  such  brackets  be  desigrned  with  an 
additional  number  of  rivets  for  this  contingrency.  say  50 
per  cent,  for  small  brackets  and  25  per  cent,  for  larger 
ones. 

Not  all  rivets  in  a  structure  are  of  equal  importance. 
Some  will  be  stressed  to  their  full  safe  capacity  when  the 
structure  is  loaded,  and  others  will  have  practically  no 
stress  whatever.  The  former  should  be  rigidly  inspected 
and  be  replaced  where  found  defective.  Examples  of  such 
rivets  are  in  the  following  locations.  (1)  Beam  or  girder 
seats  or  brackets.  (2)  End  connections  of  beams  or 
girders.  (3)  End  vertical  stiffeners  and  in  the  flange 
angles  near  the  end  of  a  plate  girder.  (4)  Pin  plates  of 
any  pin-connected  member.  (5)  End  connections  of 
riveted  members.  (6)  Splices  of  any  kind.  (7)  Near  the 
ends   of  flange   plates   of  girders. 

Examples  of  rivets  that  take  but  a  small  amount  of 
stress  are  the  following.  (1)  In  the  flanges  of  a  plate 
girder  near  the  middle  of  the  girder.  (2)  Those  holding 
the  parts  of  a  built  member  together  especially  near  the 
middle  of  its  length.  (3)  In  intermediate  stiff eners  where 
no   concentrated   loads   rest  at   stiffeners. 

To  test  the  tightness  of  a  rivet  a  hammer  weighing 
about  a  pound  is  used,  having  a  good  hickory  handle 
well  secured  to  it.  The  rivet  is  struck  a  blow  to  one 
side  of  the  head;  then  with  the  flnger  pressed  against 
the  head  (or  a  key  held  firmly  in  the  hand)  it  is  struck 
a  blow  on  the  other  side  of  the  head.  If  a  jar  is  felt, 
the  rivet  is  loose.  This  is  the  surest  test.  After  having 
had  some  experience  the  inspector  can  detect  loose  rivets 
by  feeling  the  jar  through  the  hammer  or  by  the  failure 
of  the  hammer  to  bounce. 

The  cutting  out  of  a  rivet  often  loosens  to  some 
extent  the  neighboring  rivets  or  injures  the  material 
around  the  hole. 

The  appearance  of  a  rivet  by  no  means  gages  Its  use- 
fulness or  strength.  Crooked  rivets  may  be  caused  by 
the  riveting  machine  being  in  need  of  adjustment.  The 
inspector  should  investigate  the  conditions  at  the  shops 
and  watch  the  work  being  done,  especially  the  heating 
and  driving  of  the  rivets. 

A  peculiar  example  of  ill  appearing  rivets  came  under 
the  author's  observation.  Tne  heads  were  pitted  and 
rough  as  though  they  had  been  burnt.  It  was  claimed 
that  this  was  due  to  scale  in  the  lower  cup  or  the  die 
forming  the  head  on  the  under  side  of  the  piece,  the 
rivets  having  been  driven  in  a  vertical  position.  This 
claim  was  seemingly  substantiated,  as  rivets  with  scale 
purposely  placed  In  the  die  had  exactly  the  same  appear- 
ance. 

When  a  rivet  Is  marked  to  be  cut  out,  the  Inspector 
should  see  to  It  that  it  is  not  "doctored".  By  placinsr  the 
set  on  the  head  and  hammering  with  a  heavy  sledge  a 
rivet  can  be  made  to  appear  tighter.  By  calking  the 
rivet  around  the  edge  with  a  chisel  the  same  may  be 
done.    Manifestly  such  deceptive  work  can  nerve  no  good 
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purpose,  as  the  Hvet  cannot  be  made  to  All  the  hole  by 
any  such  means. 

A  buckle  is  a  very  troublesome  thingr  to  remove  from  a 
plate.  No  amount  of  hammering:  seems  to  do  any  grood, 
especially  after  the  plate  is  built  up  in  the  piece.  Taken 
free  and  laid  on  a  broad  anvil  the  edgeB  of  the  plate  can 
be  peened  out,  that  is  hammered  locally  with  sharp  blows, 
so  as  to  stretch  out  the  material  and  thus  relieve  the 
buckle  to  some  extent.  A  plate  having:  a  perceptible 
buckle  should  not  be  used  in  any  position  requiringr 
strength,  but  if  such  plate  be  found  in  a  girder  already 
built,  an  efficient  remedy  is  to  introduce  an  extra  vertical 
stlfFener  at  the  middle  of  the  buckle. 

Vertical  stiffener  angrles  in  plate  girders  and  under 
girder  and  beam  seats  In  columns  or  other  parts,  should 
always  be  made  to  bear  firmly  against  the  outstanding 
flange,  unless  the  drawing  plainly  shows  them  short. 
The  Importance  of  this  is  sometimes  ignored  by  the  shop 
men.  To  insure  a  close  fit  the  ends  should  be  planed  or 
ground.  When  the  stiffeners  do  not  fit  close,  they  should 
be  taken  off  and  made  to  fit  close  or  else  replaced  with 
longer  pieces.  In  the  case  of  a  bracket  the  shelf  angle 
can  often  be  lowered  to  fit  against  the  stiffener,  if  the 
filler  under  the  stiffener  is  not  too  close. 

Sometimes  a  column  is  found  to  be  milled  out  of  per- 
pendicular to  the  axis  or  a  trifie  too  short.  The  end 
should  be  re-milled  where  out  of  true.  In  either  case 
thicker  base  plates  may  be  used  to  make  up  the  deficiency. 
An  extra  shim  plate  may  sometimes  be  used,  preferably 
not  less  than  ^"  thick;  and,  if  necessary,  more  should  be 
planed  off  the  column  to  make  Its  length  correct.  Care 
must  be  used  in  inserting  plates,  if  no  other  plates  are 
used;  as  it  may  be  the  intention  to  use  some  space  in  the 
shaft  of  the  column  for  the  carrying  of  pipes  or  cables. 

Built  members  are  sometimes  found  to  be  in  wind  or 
twisted.  There  is  a  way  of  remedying  this  Which  has 
in  it  an  element  of  danger  to  the  structure  for  which  it 
is  intended.  This  is  to  build  a  fire  under  it  and  while 
hot  apply  by  means  of  two  beams  or  other  levers  a 
torsional  force  to  remove  or  partially  reverse  the  twist, 
allowing  for  rebound.  This  should  only  be  used  as  a 
last  resort.  If  the  member  is  latticed,  a  number  of  rivets 
in  the  lattice  on  one  side  should  be  removed,  and,  while 
the  member  is  held  straight,  the  holes  reamed  and  the 
rivets  re- driven. 

Pin  holes  badly  located  or  bored  out  of  perpendicular 
may  be  remedied  by  using  larger  pins  and  re-boring;  but 
this  is  not  always  practicable  on  account  of  delays  in 
securing  new  material  for  pins.  New  pin  plates  would 
be  the  next  best  remedy,  but  if  the  web  plate  of  the 
member  forms  part  of  the  bearing  area,  this  would  only 
partially  meet  the  difficulty.  A  hole  may  be  bored  two 
or  three  Inches  larger  than  the  pin  and  a  bushing  fitted 
tight  into  it,  the  thickness  of  the  web.  To  hold  this  in 
place  for  boring  a  few  small  counter  sunk  rivets  may 
be  driven  through  it  and  one  of  the  pin  plates.  If  the 
clearance  allows,  pin  plates  should  be  placed  on  each 
side  of  the  web.  After  all  pin  plates  are  riveted  on  the 
new  pin  hole  should  be  bored.  The  bushing  may  be  in 
tne  shape  of  a  boss  turned  on  the  side  of  one  of  the  pin 
plates,  using  a  plate  equal  in  thickness  to  the  combined 
thickness  of  pin  plate  and  web.  This  method  may  also 
be  used  where  the  original  hole  was  In  web  plate  only, 
leaving  about  5/16"  of  plate  to  rivet  on  the  side  of  the 
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web  where  clearance  will  allow. 

When  rivet  or  bolt  holes  are  badly  located  and  do 
not  come  fair,  ream  out  the  holes  and  use  rivets  or  bolts 
of  larger  diameter.  If  it  Is  necessary  to  use  rivets  and 
bolts  in  the  same  connection  ream  or  drill  the  holes  for 
bolts  and  use  tigrht-fittingr  bolts. 

It  must  be  borne  in  mind  that  any  departure  from  the 
detail  drawingrs  or  the  specifications  that  is  necessitated 
in  remedying  defective  work  should  only  be  done  w^ith 
the  approval  of  the  engineer. 

Field  Inspection.  This  is  inspection  of  work  during 
or  after  its  erection.  The  work  should  be  done  in  the 
progress  of  the  erection  so  that  errors  can  be  corrected 
just  after  they  are  made.  Sometimes,  however,  an 
inspector  Is  called  upon  to  inspect  a  finished  structure. 
Such  inspection  cannot  have  the  same  value  as  the  other. 

A  field  inspector  should  see  that  members  are  in  good 
condition  when  received  and  report  any  facts  as  to  dam- 
age or  imperfect  parts.  He  should  see  that  parts  are 
properly  assembled  and  that  no  parts  are  missing.  He 
should  see  that  bases  and  shoes  are  properly  set  and 
leveled;  that  columns  and  trusses  are  plumb  and  in 
alignment,  that  adjustable  rods  are  tightened,  that  pins 
are  properly  driven  and  have  nuts  or  cotter  pins  on  the 
ends,  that  all  rivets  are  driven  and  are  tight.  He  should 
see  that  stone  bolts  are  properly  placed  and  that  the 
holes  are  filled  with  Portland  cement  mortar.  The  author 
found  on  inspecting  a  finished  viaduct  that  the  bolts  had 
been  placed  in  the  holes  without  being  cemented. 

Where  rivets  cannot  be  driven,  bolts  may  be  sub- 
stituted, provided  the  holes  be  reamed  out  and  tight- 
fitting  turned  bolts  with  washers  be  used.  Loose-fitting 
bolts  and  rivets  should  not  be  used  in  the  same  connection. 

It  is  well  for  the  field  inspector  to  keep  a  record  of 
any  shop  errors  that  have  to  be  remedied  in  the  field,  as 
these  are  charged  up  against  the  shop.  He  should  see 
to  it  that  only  proper  methods  are  used  to  remedy  any 
error.  Heating  pieces  to  bend  or  straighten  them  should 
not,  in  general,  be  allowed.  The  gouging  of  holes  and 
reaming  to  oblong  shape  should  not  be  permitted. 

Riveting  gangs  are  very  prone  to  drive  rivets  by 
merely  forming  a  head  on  them.  This  is  done  by  heating 
the  point  of  the  rivet  very  hot  while  the  head  is  a  dark 
red.  The  shank  of  the  rivet  is  not  upset  and  consequently 
the  hole  is  not  filled.  Rivets  should  be  given  a  uniform 
heat  head  as  well  as  shank.  The  heat  should  be  to  a 
bright  orange  color,  and  the  rivet  should  not  throw 
sparks  when  it  is  taken  from  the  forge.  Rivets  brought 
to  this  heat  should  be  thrown  away. 

Inspection  of  an  Exlstlngr  Bridge.  It  becomes  neces- 
sary at  times  for  an  inspector  to  make  an  examination 
of  an  existing  bridge  for  which  there  are  no  plans.  A 
report  of  his  findings  will  be  made  to  a  structural  engi- 
neer whose  work  is  to  pass  upon  the  condition  of 
the  bridge  as  to  its  safety  or  fitness  for  the  use 
intended.  In  what  follows  there  will  be  given  some  rules 
and  directions  for  the  guidance  of  the  inspector,  so  that 
his  report  will  embody  the  things  necessary  for  the 
structural  engineer  to  know  in  order  to  make  a  full  and 
intelligent  report  on  the  strength  of  the  bridge. 

General  Appearance  and  Condition.  Examine  all  mem- 
bers to  see  if  they  are  straight.  Look  for  kinks  or  cracks 
In  the  material.  End  posts  are  liable  to  be  damaged  by 
wagons  or  trains.    Cast  shoes  or  bolsters  may  be  cracked 
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from  undue  pressure  or  poor  bedding.  The  anchoragre 
should  be  examined  for  rust  or  loose  nuts.  All  important 
nuts  on  pins  and  bolts  should  be  tried  for  tigrhtness. 
Rollers  should  be  examined  for  clearance  and  to  see  that 
they  are  not  clogrpred  up  with  rust  and  dirt. 

Metal  work  should  be  examined  for  rust  and  wood 
work  for  decay  or  dry-rot.  Metal  is  most  liable  to  rust 
where  it  is  in  contact  with  wood,  or  is  covered  with  dirt, 
or  is  subject  to  locomotive  erases.  Wood  will  rot  most 
readily  where  moisture  has  access  and  sunshine  and  wind 
are  excluded.  Ends  of  timbers  butting:  agrainst  other 
timbers  or  agrainst  metal  will  rot  from  the  inside,  while 
the  outside  may  appear  sound.  Tapping:  with  the  hammer 
will  reveal  such  unsoundness;  or  boring:  into  the  interior 
may  be  necessary.  Ends  of  timbers  that  are  embedded 
in  concrete  or  surrounded  with  earth  on  abutments  rot 
very  rapidly.  The  lower  course  of  floor  plankingr  is  apt 
to  be  decayed. 

Counters  and  laterals  should  be  examined  for  adjust- 
ment and  to  see  that  nuts  are  full,  that  is,  that  rods 
extend  well  into  the  nuts  and  are  not  held  with  but  a 
few  threads. 

Rivets  in  important  details  should  be  tapped  to  see 
if  they  are  tigrht.  The  most  important  details  are  string:er 
connections  to  floorbeams  and  floorbeam  connections  to 
truss.  Any  other  riveted  details  which  take  stress,  such 
as  end  connections  of  members,  beam  hangers,  etc., 
should  be  tried. 

Ends  of  abutting:  members  in  compression  should  be 
examined  to  see  if  there  is  close  contact.  If  there  is  not, 
a  full  detail  of  the  splice  should  be  made  with  a  view 
of  planning:  reinforcement. 

The  foregoing:  directions  apply  in  the  examination  of 
the  physical  condition  of  a  bridge  whose  details  are 
known  as  well  as  in  that  of  one  whose  details  are  not 
known.  For  a  bridge  in  the  latter  class  the  following 
directions  should  be  observed. 

Dimensions.    Make  notes  of  the  following  dimensions: 

Lengths  of  all  spans  center  to  center  of  bearings,  also 
over-all  lengths  of  girders. 

Lengths  of  panels,  and  height  of  truss  center  to  center 
of  pins   at  each  vertical. 

Width  center  to  center  of  trusses  and  clear  width  of 
roadway  and   sidewalk. 

Location  of  stringers  on  floorbeam.  Location  of  track 
with  respect  to  stringers  and  to  truss.  If  track  is  on 
curve,  locate  extreme  positions. 

If  track  is  curved,  degree  of  curve.  This  will  be  the 
middle  ordinate  in  inches  of  a  €2-foot  chord  . 

Relative  elevation  of  stringers,  floorbeams,  chord  pins, 
and  masonry. 

Floor. 

Measure  section  and  length  and  spacing  of  ties,  sec- 
tion of  guardrail.  Examine  fastenings  of  same.  In  a 
highway  bridge  measure  the  thickness  of  timber  in  deck, 
also  width  of  deck,  also  size  of  wooden  stringers,  if  any, 
as  well  as  size  of  any  nailing  pieces. 

Sections.  ^ 

The  make-up  of  all  truss  members,  floorbeams,  string- 
ers, struts,  bracing,  etc.,  is  to  be  noted.  For  this  purpose 
a  sketch  of  the  truss  should  be  made  and  lettered,  com- 
mencing at  the  end  of  span  and  lettering  the  panel  points 
alphabetically.  The  lower  panel  points  are  lettered  with 
small  letters  and   the   upper  with   capital   letters.     It   is 

291 


hot  enousrH  to  note  that  a  member  is  composed  of  two 
channels,  four  ang-les»  etc.  The  distance  back  to  back 
of  angrles  and  channels  and  the  way  they  are  placed  with 
respect  to  the  plane  of  the  truss,  the  presence  of  lattice 
or  of  batten  plates,  etc.,  are  essential.  In  built  girders 
the  lengrths  of  cover  plates  should  be  noted.  The  depth 
of  channels  and  I  beams  and  the  width  of  flangre  will 
usually  be  sufficient  information  to  obtain  the  weights 
from  the  manufacturers'  tables,  but  where  possible  the 
thickness  of  web  should  be  noted,  also  the  name  of  the 
mill,  if  the  same  appears  on  the  web. 

Details.  It  is  not  necessary  to  kiiow  every  detail  of 
a  bridge  to  pass  upon  its  strength.  If  a  member  is 
latticed,  it  is  enough  to  know  that  the  lattice  bars  are 
reasonably  close-pitched  and  without  long  unstiffened 
sections  of  the  parts  of  the  member.  A  compression 
member  having  batten  plates  placed  at  intervals,  instead 
of  lattice,  may  however  need  the  addition  of  lattice  bars 
to  strengthen  it.  In  girders  note  rivet  spacing,  especially 
near  ends  of  span.  If  spacing  is  irregular  note  number 
of  rivets  in  a  given  length  of  flange.  In  tension  flanges 
of  girders  and  in  all  tension  members  note  maximum 
number  of  rivet  holes  in  any  transverse  section  of  each 
piece  going  to  make  up  the  part. 

Locate  and  describe  all  splices,  giving  size  of  splicing 
pieces,  and,  particularly  in  tension  members,  count  the 
number  of  rivets  on  each  side  of  cut. 

The  details  that  are  of  prime  importance  are  those 
at  the  ends  of  members,  such  as  the  support  of  beams 
and  girders  and  the  end  connections  of  truss  members. 
A  sketch  should  be  made  of  each  pin,  showing  its  diam- 
eter and  the  packing  of  the  members.  On  this  sketch 
should  be  marked  the  distances  between  the  center  of 
bearing  of  all  bars  and  bearing  plates.  This  will  be  more 
useful  to  the  computer  than  the  distances  between  bars 
or  bearing  plates  of  the  several  members  separately. 
For  each  pin-connected  member  a  sketch  should  be  made 
of  the  detail  at  pin,  showing  all  bearing  plates,  size  and 
thickness,  as  well  as  the  number  of  rivets  in  each. 

In  riveted  connections  count  the  number  of  rivets  in 
each  piece  connected.  Give  the  diameter  of  rivets,  and 
note  whether  field  or  shop.  [%"  rivets  have  heads 
1  1-16"  in  diameter;  %",  1^",  %"    1  7-16''.] 

Measure  the  size  and  thickness  of  all  bearing  plates 
on    masonry. 

If  a  detail  appears  to  be  weak,  the  inspector  should 
make  a  sketch  and  locate  neighboring  rivets,  so  that 
reinforcement  or  a  new  detail  can  be   made. 
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CHAPTER  XXX. 

Some  Illustrations  of  Design  in  Various  Classes 

of  Structures. 

This  chapter  is  a  collection  of  general  and  detail 
desigrno,  and  comments  upon  the  same.  The  cuts  illustrat- 
ing these  designs  are  taken  from  engineering  papers  as 
noted,  with  the  consent  of  their  publishers.  The  author 
wishes  to  acknowledge  his  indebtedness  to  these  periodi- 
cals for  the  privilege  of  using  the  drawings. 

Drawing  1.  From  Engrineering  Record,  Nov.  4,  1899. 
This  drawing  shows  a  good  floorbeam  detail.  The  stiff 
bottom  chord  affords  good  connection  for  laterals. 

Drawing  2.  From  Engineering  Record,  Feb.  IS,  1909. 
This  is  part  of  a  200-ft.  span.  The  drop  in  the  end  panels 
of  the  bottom  chord  allows  a  connection  for  the  end 
floorbeam  out  of  the  way  of  the  shoe. 

Drawings  8  and  4.  From  Engineering  Record,  June 
21,  1900.  These  show  details  of  the  Union  R.  R.  Bridge. 
Note  the  heavy  adjustable  eye-bars,  also  provision  for 
taking  the  lateral  thrust  into  the  floorbeam.  The  lateral 
plate  Is  connected  to  the  foot  of  the  post  by  a  U-plate. 

Drawing  6.  From  Engineering  Record,  May  13,  1899. 
This  is  part  of  a  double  intersection  bridge  over  the 
railroad  tracks  in  Buffalo,  N.  Y.  Note  the  skew  portal 
and  the  segmental  rollers  with  stop  plates  on  the  ends. 

Drawing  6.  From  Engineering  Record,  Aug.  28,  1909. 
This  shows  strains  and  sections  of  a  single  track  rail- 
road span,  calculated  to  be  used  as  a  swing  span  ff 
necessary. 

Drawings  7,  8,  9  and  10.  From  Engineering  Record, 
June  11,  1910.  Note  the  riveted  connection  of  web  mem- 
bers at  L  7.  This  bridge  is  designed  for  E  55  loading. 
It  is  on  the  C.  M.  &  St.  P.  Ry.  at  Mobrldge,  S.  D.  The 
stringer  connection  angles  have  a  wide  gage  at  the  heel. 
The  innei*  rows  of  open  holes  are  10  in.  apart.  This  is 
to  allow  flexibility  under  deflection  of  the  stringers. 

Drawings  11  and  12.  From  Engineering  Record,  March 
16,  1901.  Two  unusual  features  of  this  bridge  are  the 
extra  angles  on  the  stringers  to  raise  the  ties  above  the 
laterals  and  the  strut  connection  into  the  side  of  the  pier, 
the  strut  running  from  the  bottom  of  the  first  vertical 
post. 

Drawing  13.  From  Engineering  News,  Oct.  16,  1902. 
This  shows  the  sections  of  a  long  highway  span. 

Drawing  14.  From  Railway  Age  Gazette,  March  19, 
1909. 

Di^yring  16.  From  Engineering  Record,  Nov.  6,  1898. 
This  IH,  the  Victoria  Bridge  at  Montreal.  An  unusual 
feature  of  this  bridge  is  the  end  floorbeams  hung  on  pier 
beams  over  the  edge  of  the  pier.  Another  is  the  deep 
latticed  ipembers  below  the  bottom  chord  in  second  panel 
to  raise  the  level  of  laterals  in  the  end  panels. 

Drawing  16.  From  Engineering  News,  February  28, 
1910.    This  shows  part  of  the  Ookteik  Viaduct  at  Burmah. 
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Drawing:  17.  From  an  article  on  Howe  Truss  Denign 
by  R.  Balfour  in  En^ineeringr  News,  Aug.  20,  1907. 

Drawing  18.  Prom  Engineering  Record,  Oct.  30.  1909. 
This  shows  a  section  of  the  St.  Louis  Municipal  Bridge. 

Drawing  19.  From  Engineering  Record,  March  16, 
1901.  This  shows  details  of  Glasgow  Bridge  on  the 
C.  &  A.  Ry.  Note  the  substantial  connection  of  laterals 
to  foot  of  post  and  to  iloorbeam. 

Drawing  20.  From  Engineering  Record,  Dec.  9,  1899. 
Note    trolley    rails    spiked    directly    to    timber    stringers. 

Drawing  21.  From  Engineering  Record,  June  23,  1900. 
This  is  a  cross  section  of  a  railroad  and  highway  draw 
span,  the  Duluth  and  Superior  Bridge. 

Drawing  22.  From  Engineering  News,  July  3,  1902. 
This  is  a  cross  section  of  a  bascule  span  in  Milwaukee. 

Drawing  23.  From  Engineering  Record,  March.  27, 
1909.  This  is  a  cross  section  of  a  small  highway  span 
with  pony  trusses  at  Ithaca,  N.  Y. 

Drawing  24.  From  Engineering  Record,  Feb.  1,  1908. 
This  is  from  an  article  on  the  C.  R.  of  N.  J.  bridges  at 
Plainfield,  N.  J.  In  these  bridges  water  is  not  drained 
through  weep  holes  as  commonly  done,  but  is  carried 
over  the  bacK  faces  of  abutments.  Bridges  were  put  on 
grades  of  5  in.  to  100  ft.  to  efPect  this  drainage,  where 
the  grade  did  not  happen  to  equal  or  exceed  this. 

Drawing  25.  From  Engineering  Record,  June  12,  1909. 
This  shows  a  part  section  of  Twelfth  Street  Bridge, 
Philadelphia. 

Drawing  26.  From  Engineering  News,  Sept  23,  1909. 
This  shows  details  of  a  viaduct  on  the  Canadian  Pacific 
Railway.  Note  that  girders  rest  on  narrow  steel  plates 
on  the  posts.  On  the  abutment  the  supporting  block 
appears  to  be   cylindrical. 

Drawings  27  and  28.  From  Engineering  News,  Dec 
9,  1909.     Note  attachment  of  trolley  rail  to  channel. 

Drawing  29.  From  Engineering  Record,  Dec.  14,  1907. 
This  viaduct  is  on  a  curve.  Note  the  higher  elevation 
of  the  outer  girders  of  each  track. 

Drawings  30,  31  and  32.  From  Engineering  Record. 
May  15,  1909.  The  top  strut  of  this  bent  would  be  better 
to  have  lattice,  as  it  is  a  compression  member. 

Drawing  33.     From  Engineering  Record,  June  16,  1900. 

Drawing  34.  From  Engineering  Record,  Aug.  17,  1907. 
This  is  a  highway  arch  bridge  at  Princeton,  N.  J. 

Drawings  35,  36,  37  and  38.  From  Engineering  News. 
Feb.  16,  1905.  These  are  from  an  article  on  reinforced 
concrete  floors. 

Drawings  39,  40  and  41.  From  Engineering  News,  Nov. 
12,  1903.     These  show  solid  floor  designs. 

Drawing  42.     From  Engineering  News,   Sept.   7,  1906. 

Drawings  43  and  44.  From  Engineering  News.  Nov. 
14,  1907.  Note  the  solid  floor  without  ballast  and  with 
ties  blocked  up. 

Drawing  45.  From  Engineering  News,  Oct.  23,  1902. 
This  shows  a  shoe  for  the  steel  arch  bridge  at  Costa 
Rica.  The  main  arch  is  449  ft.  Side  spans  carried  par- 
tially on  cantilevers  make  the  total  length  of  bridge 
684  ft. 

Drawing  46.  From  Engineering  News,  Oct.  23,  1902. 
This  shows  a  cross  section  of  the  same  arch  span  of 
which  the  shoe  is  shown  in  Draw.  45. 

Drawing  47.     From  Engineering  News,  Nov.  20,  1902. 

Drawing  48.  From  EngineeHng  Record,  May  9,  1903. 
Note  that  this  arch  seat  is  cradled  in  a  nest  of  segmental 
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rollers.  The  Beaver  Cantilever  Bridgre  has  similar  sup- 
ports for  the  main  spans.  The  Niagrara  Railway  Arch,  of 
which   Drawings   48   is  the   shoe,   has  a  span   of   550   feet. 

Drawing:  49.  From  Engrineeringr  News,  May  11,  1905. 
This  expansion  stringier  connection  is  on  the  Thebes 
Cantilever  Bridgre. 

Drawingrs  50  and  61.  From  Engrineerins  Record,  Dec. 
7,  1907.  These  are  details  on  the  Black  well's  island 
Approach.  Note  the  cast  steel  upper  shoe  with  webs  to 
rivet  to  steel  ^^ork 

Drawing:  52.  From  Engrineering:  Record.  May  28.  1910. 
This  is  a  grood  detail  for  expansion  ends  of  stringrers  or 
girders. 

Drawing:   53.     From   Engrineeringr  News,   Dec.   5,   1907. 

Drawing:  54.  From  Engrineering:  Record,  Augr.  28.  1909. 
(See  Drawing:  6.)  Note  the  pintles  or  studs  that  are 
screwed  into  the  shoe  and  base  plate  and  the  holes  in 
the  rollers.  This  is  to  hold  the  rollers  from  shifting:. 
Note  the  dust  proof  roller  case  and  the  spherical  bearingr 
6n  the  shoe. 

Drawing:  65.  From  En^neeringr  Record,  March  25, 
1899.  Here  is  another  scheme  for  holding:  the  rollers 
from  shifting:,  namely,  cog:s  or  spurs  fitting:  into  holes 
in  the  plates. 

Drawing:  56.  From  Eng:ineering:  Record,  April  22,  1899. 
This  shows  beam  connections  in  a  building:. 

Drawing:  57.  From  Eng:ineeringr  Record,  May  2,  1908. 
This  shows  some  standard  beam  and  grirder  connections 
in  a  building:. 

Drawin£:s  58  and  59.  From  Eng:ineering:  Record,  Dec. 
3,  1904.     These  show  wall  sections  of  a  building:. 

Drawing:  60.  From  Street  Railway  Journal,  Oct.  5, 
1907.    This  shows  details  of  a  saw-tooth  roof. 

Drawing:  61.     From  Eng:lneering:  Record,  April  3,  1909. 
'  Drawing  62.     From  Engineering:  Record,  May  1,  1909. 

Drawings  63  and  64.  From  Engineering  News,  June 
28,  1906.  These  show  roof  truss  and  grand  stand  details 
for  the  Chicago  Live  Stock  Pavilion. 

Drawings  66  and  66.  From  Engineering  Record,  Dec. 
23,  1899.  Note  that  this  Armory  roof  truss  does  not  touch 
the  walls  of  the  buildings.  This  is  to  prevent  deflection 
and  expansion  from  affecting  the  latter. 

Drawings  67^  68  and  69.  From  Engineering  Record, 
Dec.  26,  1896.  These  show  the  diagram  of  roof  arch  and 
some  details  of  the  Central  Armory  of  Cleveland,  O. 

Drawing  70.  From  Engineering  News,  Aug.  20,  1907. 
This  is  the  Armory  for  Squadron  C.  N.  Y.  National  Guard, 
New  York. 

Drawing  71.  From  Engineering  Record,  April  13,  1907. 
This  is  Providence  Armory. 

Drawing  72.  From  Engineering  Record,  June  29,  1901. 
This  is  the  roof  truss  of  the  Chicago  Coliseum. 

Drawing  73.  From  Engineering  News,  Sept.  29.  1904. 
This  shows  details  of  a  172-ft.  three-hing-ed  arch  truss 
for  the  St.  Louis  Exposition  Government  Ituilding.  (See 
Godfrey's  Tables,  page  157.) 

Drawing  74.  From  Engineering  News,  Sept.  4,  1902. 
This  is  one  of  24  ribs  of  the  largest  dome  in  the  world. 
It  is  on  a  hotel  at  West  Baden,  Ind. 

Drawings  75  and  76.  From  Engineering  News,  Aug. 
6,  1903.  This  is  the  trainshed  of  the  Chicttg"©  Terminal 
Station.     Details  of  a  few  panels  are  shown. 

Drawing  77.  From  Railway  Age  Gazette,  July  16, 
1909.     This  is  a  typical  span  of  the  C.  &  N.  AV.  trainshed. 
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Drawings  78  7d  and  80.  Prom  Bngrlneerin^  Record, 
Jan.  11,  1908.  Note  the  column  anchor  bolts  kinked  for 
anchorage. 

Drawing  81.    From  Engineering:  Record,  April  15,  1899. 

Drawing  82.     From  Engineering  News,  May   23,   1901. 

Drawing  83.  From  Engineering  Record,  Dec.  3,  1904. 
This  shows  some  details  of  the  roof  truss  of  the  car  house 
of  the  New  York  Subway. 

Drawing  84.  From  Railway  and  Engineering  Review, 
Oct.  23,  1909. 

Drawing  85.     From  Engineering  Record,  Jan.  25,  1908. 

Drawing  86.  From  Engineering  Record,  June  22,  1901. 
This  is  the  roof  truss  of  a  car  barn. 

Drawing  87.    From  Railway  Age  Gazette,  Feb.  4,  1910. 

Drawing  8^.     From  Railway  Age  Gazette,  Sept.  3.  1909. 

Drawing  89.  From  Engineering  Record,  Nov.  3»  1907. 
It  is  not  clear  why  this  and  the  next  drawing  show  deep 
plates  in  the  top  chord,  when  the  purlins  are  at  panel 
points  and  hence  do  not  produce  bending  in  the  chords. 

Drawing  90.     From  Engineering  News,  Jan.   10,   1907. 

Drawing  91.  From  Engineering  News,  Nov.  23,  1905. 
This  shows  a  roof  truss  with  a  vertical  skylight  or 
window  surface.     This  is  in  an  article  by  M.  S.  Ketchum. 

Drawing  92.  From  Railway  &  Engineering  Review, 
Aug.  10,  1907.  This  and  the  next  drawing  show  saw- 
tooth  roofs   that   are   finding   so   much   favor   for   shops. 

Drawing  93.  From  Engineering  News,  Feb.  8,  1906. 
This  shows  the  car  shops  of  the  L.  &  N.  Ry. 

Drawings  94,  95,  96  and  97.  From  Engineering  Record. 
March  21.  1908.  This  is  the  gas  producer  building  of 
the  Pennsylvania  Steel  "Works.  Note  the  truss  connection 
to  column.  Also  note  the  suspended  coal  bunker  and 
connection  of  the  same  to  column.  Also  note  how  the 
crane   girders  are   stiffened   horizontally   in   Drawing  97. 

Drawings  98  and  99.  From  Engineering  Record,  Dec. 
4,  1909.  Note  the  anchorage  and  bracing  of  this  baloon 
shelter.     This  building  is  100  feet  long. 

Drawing  100.     From  Engineering  News,  Aug.  8,  1901. 

Drawing  101.  From  Railroad  Gazette,  July  21,  1899. 
This  shows  two  of  the  three  standard  tanks  that  are 
illustrated  in  the  article.  It  is  a  peculiarity  of  many 
railroad  tanks  in  the  South  that  they  are  not  on  towers 
but  rest  on  foundations  near  the  ground  level. 

Drawing  102.  From  Railway  Age  Gazette,  March  19, 
1909. 

Drawings  103  and  104.  From  Engineering  Record, 
Oct.  30,  1897.  The  two  diagrams  of  draw  spans  are 
typical  truss  diagrams.  Note  the  wedge  detail  of  Fig.  6. 
As  will  be  seen  the  wedge  is  held  in  grooves  in  the  cast- 
ing bolted  to  the  truss.  The  latch  shown  In  Fig.  7  is 
probably  lifted  by  a  wire  rope  from  the  operators 
position. 

Drawings  105.  106,  107  and  108.  From  Engineering 
Record,  Oct.  29.  1899.  These  show  parts  of  a  269-ft.  swing 
span,  the  Madison  Lane  Bridge,  Albany,  N.  Y.  Note  the 
manner  of  supporting  the  trusses  on  short  girders  be- 
tween radial  girders.  This  gives  a  good  distribution  of 
the  load  around  the  drum.  Part  of  the  load,  of  course, 
goes  to  the  center  pivot. 

Drawings  109.  110,  111,  112,  113.  From  Bngineerinfir 
News.  Aug.  8.  1901.  Note  the  scheme  here  for  distribut- 
ing the  load  around  the  drum  of  this  draw  span.  The  two 
trusses  and  two  loading  beams  are  located  over  the  drum; 
diagonal  comer  girders  connecting  to  these  also  rest  on 
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me  driim.  The  trusses  are  lattice  trusses,  216  ft.  9  in. 
loner.  Note  that  the  end  bearingrs  are  rollers  and  not 
wedges. 

Drawingrs  114,  116  and  116.  From  Ejngrineering:  News, 
April  26,  1906.  Here  is  still  another  scheme  for  support- 
ing the  trusses.  The  loading  beams  rest  on  eight  points 
on  the  drum.  Each  loading  beam  gives  support  to  the 
truss  at  its  middle  point.  This  requires  considerable 
height  above  the  pier  to  the  trusss.  Note  that  the  end 
supports  consist  of  rollers  pushed  under  the  truss  after 
it  comes  to  rest.  Also  note  the  stop  for  the  roller  in  the 
cast  steel  base.  Also  note  that  the  same  operation  that 
pushes  these  rollers  in  place  lowers  the  tie  to  which 
the  end  section  of  rail  is  attached. 

Drawings  117.  118  and  119.  From  Engineering  Record, 
May  18,  1901.  Note  that  the  truss  A  and  the  loading  beam 
on  girder  B  (Drawing  117)  each  rest  on  a  radial  girder. 
The  load  is  thus  given  to  the  drum  at  eight  points. 

Drawings  120,  121  and  122.  From  Engineering  News, 
Sept.  12.  1901.  This  is  a  four-track  swing  bridge  on  the 
Chicago  Drainage  Canal.  In  this  bridge  all  of  the  load 
is  carried  to  the  drum  by  the  chord  beams  shown  in 
Drawing  123.  Note  that  the  center  pivot  is  not  desigrned 
to  carry  any  load. 

Drawing  123.  From  Engineering  Record,  March  19, 
1898.     Note  brackets  for  driving  gear. 

Drawing  124.  From  Engineering  Record,  April  2,  1898. 
The  stiffening  of  this  bridge  against  sway  does  not 
appear  to  be  good  particularly  below  the  floor  support- 
ing railway  tracks. 

Drawing  125.  From  Engineering  Record  May  27,  1899. 
Note  the  wedge  and  roller  detail.  The  rollers  lie  in  the 
shoe,  while  the  wedge  is  carried  on  the  truss. 

Drawing  126.  From  Railroad  Gazette,  March  5,  1901. 
Note  operation  of  end  wedges  and  rail  lift. 

Drawing  127.  From  Engineering  Record,  June  30, 
1900.  Note  operation  of  end  rollers;  also  cam  on  shafts 
to  operate  rail  lifts. 

Drawing  128.  From  Engineering  Record,  Aug.  11, 
1906.  This  is  a  284-ft.  double  track  draw  span.  This 
is  a  center  bearing  span,  the  load  being  carried  to  the 
center  pivot  by  girders.  The  wedge  shown  is  driven 
under  the  girders  which  support  the  truss  on  the  pivot 
pier,  when  the  bridge  comes  to  rest. 

Drawing  129.    From  Engineering  Record,  Sept.  1,  1906. 

Drawing  130.     From  Engineering  Record,  Aug.  4,  1906. 

Drawing  131.     From  Engineering  Record,  Feb.  2,  1901. 

Drawings  132  and  133.  From  Engineering  News,  July 
14,  1904.  These  show  a  trunnion  bascule  bridge  in 
Milwaukee.  Note  the  supporting  columns  and  the  counter- 
weight pit  in  the  rectangular  pier.  Also  note  that  the 
weight  of  the  approach  span  furnishes  anchorage  for 
the  tail  of  the  bascule. 

Drawing  134.     From  Engineering  News,  Dec.  21,  1905. 

Drawing  135.  From  Engineering  News,  May  26,  1905. 
This  is  a  small  bascule  span  at  Delphos,  O.  Note  that 
the  trunnions  are  supported  on  rollers  and  operated  by 
a  strut. 

Drawing  136.    From  Engineering  Record,  Aug.  21,  1909. 

Drawings  137,  138,  139  and  140.  From  Engineering 
Record,  Aug.  24,  1899. 

Drawings  141,  142,  143  and  144.  From  Engineering 
News,  December  16,  1909. 

^  Drawings  145  and  146.  From  Engineering  News,  Dec. 
n,  1903. 
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Drawing:  147.  Prom  Railway  &  Engrineering:  Review, 
Feb.  17,  1912. 

Drawing  148.     From  Engrineering-  Record,  May  6,  1911. 

Drawing  149.  "From  Engineering  Record,  Aug.  24, 1901. 
Note  that  the  end  post  of  this  300-ft.  span  acts  as  a 
rocker  bent. 

Drawing  150.  From  Engineering  Record,  Feb.  11, 1911. 
This  is  a  rocker  bent  in  a  viaduct  having  60-ft  girder 
spans. 
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1 


Fig.  8>    Dotails  of  Cable  Bands  and  Suspender  Con- 
nections at  Trusses. 
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CHAPTER  XXXI. 
General  Engineering  Data. 

In  this  chapter  will  be  priven  some  general  notes  on 
engrineering:  works,  descriptions  of  special  features  of 
what  has  been  accomplished  in  structural  lines,  also 
some  unclassified  information.  These  will  serve  to  grive 
the  designer  an  idea  of  what  may  be  accomplished  in 
various  structural  lines,  based  on  what  has  already  been 
successfully  done. 

Larse  Plate  Girder*.  What  is  probably  the  longest 
plate  girder  span  in  America  is  on  the  Mahoning  Division 
of  the  Erie  R.  R.,  near  Hubbard,  O.  It  is  a  single  track 
deck  plate  girder  span,  the  girders  being  131  ft.  4  in. 
long  and  114  in.  deep.  The  girders  are  spaced  9  ft.  apart 
and  have  cast  steel  shoes.  The  total  weight  of  steel 
work  is  279.930  lbs.,  and  the  weight  of  each  girder  is 
113,700  lbs.  Another  plate  grirder  span^  of  the  through 
type,  on  the  L.  E.  A.  &  W.  Ry.  over  Yellow  Creek,  has 
girders  114  ft.  3%  in.  long  and  120  in.  deep,  spaced  17 
ft  9  in.  Each  girder  weighs  84,640  lbs.  (See  Eng.  News, 
Feb.  18,  1904  for  description  and  method  of  loading.) 
Another  long  plate  girder  span  is  Bridge  No.  7  of  the 
Bradford  Division  of  the  Erie  Railroad.  The  girders  are 
128%  ft.  long  and  9%  ft.  deep.  Each  girder  weighs  49 
tons.  (See  Eng.  Record,  June  16,  1900,  for  description.) 
What  was  the  heaviest  plate  girder  in  America  for  some 
years  weighs  103  tons.  It  is  the  middle  girder  of  the 
four  track  bridge  on  the  New  York  Central  R.  R.  near 
Lyons,  N.  Y.  (See  Eng.  Record,  Feb.  2,  1901,  for  descrip- 
tion.) A  girder  span  each  of  whose  girders  weighs  170 
tons  is  in  a  crossing  of  the  B.  &  A.  R.  R.,  at  South  Wor- 
cester, Mass.  The  girders  are  122  V&  ft.  long  o.  to  o.  and 
10%  ft.  deep.  (See  Eng.  News,  Jan.  18,  1912  and  Eng. 
Record,  Jan.  13,  1912.)  There  is  a  single  track  deck  plate 
girder  span  on  the  C.  M.  &  St.  P.  R.  R.  at  Janesville,  wis., 
the  girders  of  which  are  114i^  ft.  long  and  114  in.  deep. 
There  Is  a  double  track  through  span  on  the  L*.  V.  R.  R. 
at  Phlllipsburg,  N.  J.,  the  girders  of  which  are  114  feet 
long  and  114  in.  deep. 

Laripe  Trnss  Spans.  One  of  the  longest  simple  truss 
spans  In  America  is  at  Elizabethtown,  O.,  over  the  Miami 
River,  built  in  1904.  The  bridge  is  a  highway  span  586 
'eet  long.  Some  longer  simple  truss  spans  of  recent 
construction  are — one  across  the  Rhine  near  Romberg 
(See  Eng.  Record,  Feb.  3,  1912),  with  a  span  of  610  ft. 
J  in.,  and  the  Mississippi  Bridge  at  St.  Louis,  with  three 
f68-ft.  spans.  One  of  the  heaviest  simple  span  bridges 
in  the  world  is  the  hot-metal  bridge  on  the  IJnion  R.  R. 
at  Rankin,  Pa.,  erected  in  1900.  Its  length  is  495  ft.  8  in. 
(long  span).  The  steel  weight  of  this  span  is  2,800  tons. 
There  is  a  bridge  at  Cincinnati  of  550  ft.  span  carrying 
two  tracks  of  the  C.  &  O.  R.  R.  and  a  highway.  This 
Was  built  in  1888.  A  long  pin-connected  highway  bridge 
span  crosses  the  Miami  River  at  New  Baltimore,  O.  The 
span  is  465  feet,  and  the  trusses  are  27  ft.  4  in.  apart,  the 
maximum  depth  being  66  ft.  6  in.  See  Eng.  News,  Oct. 
16,  1902.) 
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Itarse  Steel  Arch  Bridges.  The  longrest  arch  of  any 
type  in  the  world  is  the  Clifton  Bridsre  at  Niagrara  Falls. 
This  bridgre  was  built  in  1898.  It  has  arched  trusses  with 
parallel  chords  and  two  hingres.  The  span  is  840  feet. 
The  bridge  carries  a  highway.  The  Niagara  Railway 
Arch  also  at  Niagara  Falls  is  a  two-hinged  spandrel- 
braced  arch.  The  span  is  550  feet,  and  the  rise  is  114 
feet.  The  depth  of  truss  at  the  crown  is  20  feet  and  at 
the  ends  134  feet.  The  trusses  lean  toward  each  other, 
being  56  ft.  9  in.  apart  at  the  skew-backs  and  30  ft 
apart  at  the  top  chords.  The  bridge  carries  two  railroad 
tracks  above  the  upper  chord  and  a  roadway  and  two 
11-ft.  sidewalks  below  the  upper  chord.  The  cast  steel 
pedestals  or  shoes  weigh  35  tons  each.  They  are  bedded 
on  granite  copings  with  a  thoroughly  rammed  rust  joint 
made  of  cast  iron  filings  and  sal-ammoniac,  32  parts  by 
weight  of  the  former  to  one  part  of  the  latter.  The 
pressure  per  sq.  in.  allowed  on  the  granite  was  339  lbs., 
on  the  limestone  piers  under  the  coping  300  lbs.,  and  on 
the  concrete  113  lbs.  The  total  weight  of  the  bridge, 
including  a  115-ft.  deck  truss  span  at  each  end,  is  about 
8,600  tons.  The  bridge  is  described  in  Trans.  Ana.  Soc. 
C.  E.  Vol.  40,  p.  125;  also  in  Eng.  Record,  April  24,  1897, 
and  Hay  9,  1903. 

A  two- hinged  arch  bridge  is  described  in  Engineering 
News,  Oct.  23,  1902,  and  in  Engineering  Record,  Oct.  25, 
1902.  The  middle  span  is  a  spandrel-braced  arch  of  448 
ft.  8  in.  span.  It  carries  a  single  railroad  track  over  the 
Rio  Grande,  the  Pacific  Ry.,  Costa  Rica.  The  rise  of  the 
arch  is  about  56  ft.,  and  the  depth  of  truss  at  center  of 
span  is  about  12.5  ft.  The  trusses  lean  toward  each  other, 
being  38  ft.  10  in.  apart  at  shoes  and  16  ft.  apart  at  top 
chords.  The  trusses  are  riveted,  and  those  of  the  middle 
span  extend  back  toward  abutments  for  two  panels, 
acting  as  cantilevers  to  support  the  end  spans.  The 
rails  of  the  bridge  are  340  ft.  above  water  level. 

There  is  a  three- hinged  arch  at  Bellows  Falls,  Vt, 
with  a  span  of  540  ft.,  which  was  built  in  1904.  This 
bridge  is  described   in   Trans.   Am.   Soc.   C.   E.   Vol.  LXI. 

Liarse  Cantilever  Bridses.  The  largest  cantilever 
bridge  in  the  world  is  the  Forth  Bridge  in  Scotland,  with 
its  channel  span  of  1,710  feet.  The  members  are  tubular 
in  shape  and  riveted.  The  Blackwell's  Island  Bridge  in 
New  York  is  a  sort  of  continuous  cantilever  bridge.  Its 
longest  span  is  1,182  ft.  The  total  length,  exclusive  of 
approaches  is  3,724.5  ft.  The  weight  of  steel  in  this 
portion  is  about  53,300  tons. 

The  Wabash  Bridge  at  Pittsbsurgh  has  a  cantilever 
span  of  812  ft.  In  the  1,504  xeet  of  total  length  this 
bridge  contains  7,000  tons  of  steel. 

The  channel  span  of  the  cantilever  bridge  at  Memphis, 
Tenn.,  measures  790%   feet  between  centers  of  supports. 

The  P.  &  L.  E.  R.  R.  Bridge  at  Beaver,  Pa.,  has  a 
cantilever  span  769  feet  between  centers  of  piers.  This 
structure  has  two  320-foot  anchor  arms  and  a  370-foot 
simple' truss  span.  It  carries  four  gauntleted  tracks  on 
9  lines  of  stringers.  The  width  c.  to  c.  of  trusses  is  34 
ft.  6  in.  The  total  weight  Is  16,000  tons.  The  suspended 
span  is  285  ft.  long.  The  maximum  height  of  truss  is 
146  ft.  2%  in.  The  heaviest  piece  weighed  87  tons.  The 
largest  pin  was  16  in.   in  diameter  and  8  ft.   9   in.  long. 

Some  interesting  information  regarding  the  Forth 
Bridge  and  the  new  Quebec  Bridge,  as  showing  properties 
of    large    cantilever    bridges,    is    found    in    Engineering 
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Record,  Sept.  10,  1910.  It  reads  as  follows:  "A  cotn- 
parison  of  the  engineer's  desigrn  with  that  of  the  double 
track  1,710-ft.  span  of  the  Forth  Bridgre  shows  for  the 
Quebec  Bridgre:  Live  load  per  lineal  ft.,  13,340  lb.;  total 
weigrht,  145,000,000  lb.;  weight  per  lineal  foot  of  canti- 
lever only,  49,150  lb.;  weight  of  steel  in  structure  for 
each  pound  of  live  load  carried,  3.69  lb.  The  correspond- 
ing values  of  the  Forth  Bridge  are  respectively,  4,480 
lb.,  114.000,000  lb.,  21,360  lb.,  4.77  lb." 

Larse  Sas|i«nslon  Bridges.  The  three  largest  suspen- 
sion bridges  in  the  world  are  in  New  York.  They  are  the 
Brooklyn,  the  Williamsburg,  and  the  Manhattan  Bridges. 
The  span  of  the  first  is  1595%  ft.,  of  the  second  1,600  ft. 
and  of  the  third,  1,470  ft.  Each  cable  of  the  Williams- 
burg Bridge  is  3,000  feet  long,  18%  in.  in  diameter,  and 
weighs  2,500,000  lbs.  A  cable  is  composed  of  7,696  straight 
wires  about  3/16  in.  in  diameter  and  has  a  nojnlnal  ulti- 
mate strength  of  50,000,000  lbs.     One  cable  cost  1360.000. 

There  are  three  suspension  bridges  in  America  having 
spans  1,010,  1,040  and  1,057  respectively,  namely  those 
at  Wheeling,  Queenstown,  and  Cincinnati. 

Hlarh  BrUses.  A  steel  arch  span  of  about. 200  feet  at 
St.  Giustina,  Tyrol,  is  453  feet  above  the  valley,  which 
it  crosses.  (See  Eng.  Record,  April  18,  1903.)  At  Kinzua, 
Pa.,  there  is  a  viaduct  2,050  ft.  long,  the  floor  of  which 
is  302  feet  above  the  water.  The  viaduct  contains  1,400 
tons  of  iron  work.  At  Loa,  in  Bolivia,  there  is  a  viaduct 
800  ft.  long.  The  height  above  water  is  336  feet  and  the 
highest  bent  is  314  ft.  The  iton  work  weighs  1,115  tons; 
At  Pecos,  Texas,  there  is  one  2,180  ft.  long,  and  321  feet 
above  the  water.    The  iron  worlt  weighs  1,820  tons. 

A  stone  arch  bridge  at  Landwasser,  in  Switzerland,  id 
213  feet  above  the  river  bed.  It  consists  of  six  arches 
each  65.6  ft.  of  span  on  stone  piers.  The  bridge  is  on  a 
curve  of  328  ft.  radius.     (See  H.  R.  Gazette,  June  3,  1904.) 

Wide  Brldifes.  For  wide  bridges,  one  crossing  H  street 
at  the  Union  Terminal  Station,  Washington,  D.  C,  prob- 
ably heads  the  list.  This  bridge  carries  33  tracks.  It  is 
790  ft.  wide. 

liSrare  Draw  Spaas.  In  1893  a  swing  bridge  carrying 
a  highway  and  a  two-track  railroad  was  built  at  Omaha. 
The  span  is  520  ft.  In  1895  a  four-track  swing  bridge 
was  built  by  the  N.  Y.  C.  R.  R.  over  Harlem  River  in 
New  York.  The  span  is  389  ft.  It  weighs  about  2,500 
tons.  This  is  probably  the  heaviest  swing  bridge  ever 
built.  A  swing  span  on  the  N.  P.  Ry.  built  in  1908  at 
St.  Johns,  Ore.,  is  521  ft.  long. 

A  trunnion  lift  bridge  carrying  a  highway  at  North- 
western avenue  Chicago,  has  a  span  of  205  ft.  It  was 
built  in  1904.  A  rolling  lift  bridge  near  Twelfth  street, 
Chicago,  built  in  1901    has  a  span  of  275  ft. 

liong  Structures.  A  notable  wooden  structure  is  a  pile 
trestle  across  Lake  Pontchartraln,  near  New  Orleans,  La., 
5.72  miles  long.  It  was  originally  21  miles  in  length. 
The  longest  metal  structure  is  the  Tay  Viaduct,  Scot- 
land, 10,800  ft.  long;  it  has  iron  lattice  girders.  The 
longest  masonry  structure  is  the  Lion  Bridge  in  China, 
across  the  arm  of  the  Yellow  Sea,  22,968  ft.  long,  com- 
posed of  300  arches. 

Hlgk  Bnlidlnss.  The  highest  building  in  the  world 
is  the  Woolworth  Building  in  New  York.  This  building 
rises  800  ft.  above  the  lowest  floor.  It  has  55  stories. 
Its  weight  is  estimated  at  23,000  tons  and  its  cost  at 
^,500,000.      The    next    highest    building    is    the    Metro- 
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politan  Life  Building:,  which  includes  a  tower  running 
up  to  48  stories,  with  a  height  to  top  of  cupola  of 
658  ft.  above  the  sidewalk.  The  largest  column  base 
is  7  ft.  square.  The  heaviest  column  has  a  section  of 
544  sq.  in.  (See  Eng.  News,  Jan.  31.  1907.)  The  Singer 
Tower  is  612  ft.  high.  The  Singer  Building  has  9%  acres 
of  floor  space.     (See  Eng.  News,  Dec.  5,  1907.) 

Lobs:  MasoBry  Arckes.  What  was  the  longest  masonry 
arch  in  the  world  for  some  years  is  a  three-hinged  rein- 
forced concrete  arch  built  by  the  city  of  Aukland,  in 
New  Zeland.  The  span  is  320  ft.  (Eng.  News,  Nov.  25, 
1909.)  The  record  span  at  present  is  a  328-ft.  reinforced 
concrete  arch  span  over  the  Tiber  at  Rome.  It  is  of 
cellular  construction.  (See  Engineering  &  Contracting, 
April  10,  1912.)  Pittsburgh  has  a  span  of  312  ft.  The 
longest  stone  arch  is  at  Plauen,  Germany.  This  span 
is  295.3  ft.  The  longest  stone  arch  in  America  is  the 
Cabin  John  Bridge  near  Washington,  D.  C.  .This  arch 
has  a  span  of  220  ft.  The  Rocky  River  Bridge  in  Cleve- 
land, O.,  has  a  span  of  280  ft.  A  list  of  long  masonry  arch 
bridges  Is  found  in  Eng.  News,  Sept.  2,  1909,  and  some 
arches  are  added  in  the  issue  of  April  21,  1910.  A  descrip- 
tion is  given  in  Eng.  News,  Aug.  5,  1909,  of  a  259-ft.  con- 
crete arch  bridge  in  Switzerland.  A  plain  concrete  arch 
was  built  in  1892  over  the  Big  Muddy  River  on  the  Illinois 
Central  R.  R.,  having  a  span  of  140  ft.  It  was  cast  in 
alternately  molded  blocks.    (See  Eng.  News,  Nov.  12,  1903.) 

Lar^e  Blevated  Steel  Tank.  Engineering  Record. 
March  7,  1908,  describes  a  large  elevated  steel  tank  with 
a  capacity  of  1,200,000  gal.  of  water.  The  tank  is  50  ft. 
in  diameter  with  a  cylindrical  portion  65  ft.  high  and  a 
hemispherical  bottom.  It  is  on  a  tower  about  150  ft. 
high.  The  bottom  plates  are  %  in.  thick  and  the  lower 
ring  of  the  cylindrical  portion  is  1  in.  thick.  The  top 
ring  is  5/16  in.  thick.  The  conical  roof  is  made  of  %  in. 
plates.  Another  large  water  tank  is  described  in  Engin- 
eering Record,  June  12,  1909. 

Larse  Steel  GralB  Bin*.  Engineering  Record,  Dec.  17, 
1898,  describes  two  large  steel  grain  bins.  These  are 
built  like  a  tank.  Each  bin  has  a  diameter  of  50  ft. 
and  a  height  of  60  ft.  with  a  conical  roof  10  ft.  high. 
A  bin  holds  200,000  bushels.  Each  tank  is  built  of  12 
rings  5  ft.  high.  Beginning  at  the  bottom  the  rings  are 
of  19,  16,  13,  11,  9  and  8-pound  steel.  The  bottom  of  the 
tank  is  of  13-lb.  and  the  top  of  6-lb.  metal.  The  bottom 
is  riveted  to  a  4x4x%  in.  angle  extending  around  the 
circumference  of  the  tank.  The  roof  is  supported  by  20 
steel  trusses  convergring  to  a  heavy  annular  casting 
having  an  opening  in  the  middle  26  in.  in  diameter. 

Hlgrk  Steel  Ckimneys.  The  Nichols  Chemical  Co., 
Brooklyn,  N.  Y.,  has  a  steel  chimney  310  ft.  high,  35  ft. 
as  base  to  12  ft.  diameter  at  top.  The  Pennsylvania  Salt 
Co.,  Natrona.  Pa.,  has  a  steel  chimney  225  ft.  high  and 
10  ft.  diameter  of  flue.  The  Compania  de  Penoles,  Ma- 
pi  mi,  Mex.,  has  a  steel  chimney  300  ft.  high  and  14  ft 
internal  diameter  to  24  ft.  at  base. 

Lanre  Brick  Ckimneys.  The  largest  chimney  in  the 
world  is  near  Great  Falls,  Montana.  It  is  506  ft.  high. 
The  internal  diameter  at  the  top  is  50  ft.  It  is  octagonal 
for  46  ft.  of  its  height.  Above  this  the  wall  tapers  from 
54  in.  to  18.5  in.  in  thickness.  It  is  made  of  perforated 
radial  brick.  See  Engineering  News,  Nov.  26  1908,  for 
description.  The  Eastman  Kodak  Co.  of  Rochester,  N.  T.. 
have  a  chimney  366  ft.  high,   11   ft.   outside  diameter  at 
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the  top  and  28  ft.  at  the  bottom.  The  outer  shell  is  42 
in.  thick  at  the  bottom  and  1%  in.  at  the  top.  This  chim- 
ney is  also  made  of  perforated  radial  briclc.  See  Engin- 
eeringr  Record,  Jan.  4,  1908,  for  description. 

In  R.  R.  Gazette  Vol.  32.  p.  366;  Engrineerlngr  Record 
Vol.  39,  p.  63;  Engineering:  News  Vol.  41,  p.  140,  a  large 
brick  chimney  is  described.  This  is  the  one  built  for 
the  Met.  St.  Ry.  Co.  at  New  York.  It  is  353  ft.  above  the 
foundation  and  22  ft.  in  inside  diameter.  It  rests  on  blue 
clay  at  a  depth  of  20  ft.  below  the  surface.  The  base 
is  a  concrete  monolith  85  feet  square  and  20 
ft.  thick  on  1,300  piles  about  40  ft.  lone.  The  total  weight 
is  8,540  tons.  It  is  built  of  red  brick  except  for  90  ft. 
of  8-in.  firebrick  lining  in  the  inner  shell  and  25  ft.  of 
4-in.  lining  above  this.  There  were  used  3.400,000  red 
bricks.  The  inner  shell  varies  from  8  to  20  in.  and  the 
outer  shell  from  16  to  24  in.  in  thickness. 

L«rse  Reinforeed  Concrete  Cblainey.  There  is  a  rein- 
forced concrete  chimney  near  Tacoma,  Wash.,  300  ft.  high 
and  18  ft.  inside  diameter.  (See  Eng.  News,  Aug.  3,  1905, 
for  description.) 

Aerial  Ferry.  A  novel  bridge  is  located  at  Duluth 
across  the  ship  canal.  It  consists  of  a  simple  truss 
bridge  393  ft.  long  supported  on  towers  at  a  clear  height 
of  135  ft.  above  high  water.  This  supports  the  track  of 
a  suspended  car  the  floor  of  which  is  on  a  level  with 
the  docks.  The  ferry  is  operated  by  electricity.  The 
loaded  car  and  its  machinery  weighs  120  tons.  The  bridge 
was  completed  in  1905. 

Notable  Erection  Methods.  In  1893  a  railroad  bridge 
was  erected  near  Rock  Island,  Wash.,  across  the  Columbia 
River.  The  river  is  130  ft.  deep  at  the  crossing  and 
false  works  could  not  be  built.  The  bridge  consists  of  a 
416-ft.  6-in.  through  span  and  a  250-ft.  deck  span.  The 
former  was  erected  as  a  cantilever,  the  250-ft.  span 
being  erected  in  two  parts  upside  down  to  act  as  tem- 
porary shore  arms.  (See  description  in  Eng.  Record,  Jan. 
6,  1894.)  A  notable  feature  about  this  bridge  is  that  one 
end  of  the  long  span  rests  on  a  rocker  bent  about  €0  ft. 
high.     The  spans  are  65  ft.  and  40  ft.  deep,  respectively. 

A  steel  stack  140  ft.  high  was  erected  at  West  Albany, 
N.  Y.,  by  two  gin  poles,  after  being  riveted  up  complete 
on  the  ground.     (Eng.  News,  July  31,  1902.) 

Two  420-ft.  spans  of  the  Hooghly  Jubilee  Bridge  in 
India  were  erected  partially  on  shore  and  one  end  floated 
out  and  connected  to  overhanging  cantilever  arms.  (See 
Eng.  Record,  Oct.  26,  1890.)  The  350-ft.  span  of  the 
Portage  du  Port  Bridge  in  Canada,  was  similarly  erected. 
(See  Eng.  Record,  Jan.  11,  1902);  as  also  the  412-ft.  8-in. 
span  of  the  French  River  Bridge  on  the  C.  P.  Ry.  (See 
Eng.  News,  July  23,  1908,  and  Eng.  Record,  Jan.  30,  1909.) 
(See  also  Eng.  News,  April  21,  1904.)  A  623-ft.  span  of 
the  Ohio  Connecting  Railway  Bridge  at  Pittsburgh  was 
'  erected  on  9  barges  near  shore  and  floated  to  place.  The 
weight  was  915  tons.      (See  Eng.   News,   Sept.   20,   1890.) 

A  400-ft.  span  on  the  Northern  Railway  at  Costa  Rica 
was  erected  on  shore  and  shoved  horizontally  to  place,  a 
temporary  pier  being  used  in  mid-stream  and  half  of 
the  truss  being  designed  to  resist  cantilever  stresses. 
(See  Eng.  News,  Jan.  15,  1910.) 

A  161-ft.  truss  span  over  a  deep  gorge  in  Austria  was 
erected  by  first  throwing  a  light  suspension  bridge 
across  then  building  a  Howe  truss  span  and  supporting 
the  steel  span  on  the  latter.  (See  Eng,  News,  May  li, 
1910.) 
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A  120-ft.  through  highway  flpah  was  riveted  updtt 
shore.  One  end  of  the  span  was  suspended  on  a  cable- 
way  and  drawn  across  the  stream,  the  other  end  being: 
rolled  on  trestle.  This  bridge  spans  a  deep,  swift  stream 
near  Bliss,  Idaho.  (See  Engineering  &  Contracting.  Sept. 
25,   1912.) 

Larare  Piece*  Handled.  The  plate  girders  of  the  River- 
side Drive,  New  York,  were  shipped  from  the  Keystone 
Bridge  Works,  Pittsburgh.  These  girders  are  129  ft.  3  in. 
long,  10  ft.  2%  in.  deep,  and  3  ft.  wide,  each  weighing: 
124,000  lbs.  These  required  four  cars,  and  the  load  was 
carried  by  the  two  end  cars.  (See  Eng.  News,  Jan.  26, 
1900,  for  manner  of  loading.)  Some  pieces  shipped  to 
the  Quebec  Bridge  weighed  100  tons  each.  The  two 
largest  steel  derrick  cars  in  the  United  States  were  used 
to  erect  the  170-ton  girders  of  a  span  at  Worcester,  Mass. 
(See  Eng.  Record,  Jan.  13,  1912.) 

One  of  the  greatest  of  modern  achievements  in  the 
way  of  handling  and  working  large  stone  blocks  was 
accomplished  In  1903.  A  number  of  granite  columns  six 
feet  in  diameter  and  54  feet  high,  costing  125,000  each, 
were  quarried  at  Vinal  Haven,  Maine,  and  taken  to  the 
Cathedral  of  St.  John  the  Devine,  New  York.  The  blocks 
from  which  the  columns  were  turned  were  about  67  ft. 
long  and  8^x7  ft.  in  cross  section,  and  weighed  300  tons 
each.      (See  Eng.  News,   Dec.   3,    1903.) 
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CHAPTER  XXXII. 
General  Specifications  for  Structural  Steel  Work. 

INTRODUCTION. 

The  need  of  a  rational  and  comprehensive  set  of 
specifications  for  structural  steel  work  has  longr  been 
manifest  to  the  author*  and  this  need  is  often  accentu- 
ated by  questions  that  are  brought  up  between  manu- 
facturers and  ensrineers  or  inspection  bureaus.  Ambigrui- 
ties  in  existingr  specifications  are  numerous  and  some 
of  their  requirements  are  so  onerous  as  to  render  com- 
pliance a  practical  impossibility.  To  mention  one  of 
these,  a  para&rraph  from  a  published  set  of  specifications 
is  quoted:  "All  sheared  and  hot  cut  edges  shall  have  not 
less  than  one-quarter  (%)  inch  of  metal  removed  by 
planing  to  a  smooth  finished  surface.  Lacing-bars,  fillers, 
stay-plates,  and  stringer  bracing  connecting  plates  only 
will  be  exempt  from  this  requirement."  This  would  leave 
the  ends  of  all  shapes  to  be  planed;  it  would  require  that 
the  edges  of  all  gusset  plates  be  planed,  excepting  those 
for  stringer  bracing;  it  would  require  the  planing  of  the 
edges  of  cap  plates  and  bearing  plates^.  It  is  doubtful  if 
this  is  ever  adhered  to.  Some  specifications  go  further 
and  demand  that  all  sheared  edges  be  planed.  To  have 
requirements  that  are  practically  impossible  of  attain- 
ment is  only  to  invite  infractions  of  this  and  other  rules. 
The  writer  of  specifications  for  structural  work  should 
know  that  a  bridge  shop  is  not  a  machine  shop,  and 
that  what  might  not  pass  In  an  engine  room,  where  the 
engineman  takes  pride  in  keeping  everything  brightened 
up  for  visitors,  may  be  entirely  proper  and  perfectly  safe 
up  under  the  roof  or  entirely  obscured  from  view. 

One  set  of  standard  specifications  allows  the  use  of 
medium  steel,  without  reaming,  for  certain  parts,  for  all 
thicknesses  of  metal  which  will  stand  the  drifting  test; 
provided  all  sheared  edges  are  planed  off  to  a  depth  of 
%  inch.  The  same  specifications  say  that  soft  steel  need 
not  be  reamed  if  it  satisfies  the  drifting  test,  though  the 
drifting  test  is  one  of  the  passing  requirements  of  all 
soft  steel  and  of  some  thicknesses  of  medium  steel  by  the 
same  specifications.  The  only  inference  to  be  drawn  is 
that  reaming  may  be  dispensed  with  if  tests  at  the  shops 
show  the  material  capable  of  standing  the  drifting  test; 
as  material  should  not  be  allowed  to  reach  the  shops 
unless  it  satisfies  the  mill  requirements.  Now  when  the 
material  is  ordered  for  a  job,  the  pieces  are  generally 
ordered  as  near  as  possible  to  the  length  and  size  needed. 
There  is  therefore  no  material  that  can  be  used  for 
making  shop  tests,  without  destroying  the  piece  whose 
quality  it  is  desired  to  test. 

Misunderstanding  often  develops  regarding  the  punch- 
ing or  reaming  of  holes.  It  should  be  very  clearly  stated 
in  all  specifications  Just  what  holes  must  be  reamed  and 
just  what  ones  may  be  jpunched.  They  should  not  say 
"Holes,  if  punched,  shall  be  reamed."  All  bridge  men 
niake  a  clear  distinction  between  punched  work  and 
reamed  work,  and  drilling  is  never  resorted  to  as  a  pre- 
liminary to  reaming.  If  specifications  say  that  holes  in 
lattice  and  tie  plates  or  in  wind  bracing  may  be  punched 
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full  size,  they  should  make  it  clear  that  the  holes  in 
the  truss  member  taking  these  are  to  be  reamed,  if  the 
remainder  of  the  holes  in  these  members  are  reamed. 
The  detriment  due  to  punching  holes  has  little  or  nothing 
to  do  with  the  strength  of  the  rivet,  but  has  much  to  do 
with  the  metal  punched,  and  a  hole  punched  for  a  lattice 
bar  in  the  angle  or  channel  of  a  truss  member  is  just 
as  detrimental  as  one  punched  for  any  other  purpose. 

A  requirement  that  works  in  every  way  to  the  detri- 
ment of  riveted  work  is  one  that  appeared  a  few  years 
ago   in   a   set   of   standard    specifications,    though   it  has 
since  been  expunged.     It  was,  however,   copied  in  other 
specifications.      This    allowed    a    clearance    between   die 
and  punch  of  one-quarter  of  the  thickness  of  plate.    If  in 
one-inch  metal,    %    in.   holes   were   punched  for  one-inch 
rivets,    the   diameter   on    the    die    side    would    be   1%   in. 
H^aming  of  these  holes  to  1  1/16  in.  would  leave  metal 
on  the  die  side  untouched.     The  later  requirement  allows 
%  in.  of  clearance.     By  this  punched  holes  for  %"  rivets 
would  be  15/16"  on  the  punch  side  and  1  1/16"  on  the  die 
side.      It    would    be    very    difficult    to    make    rivets   fill 
such   holes.      It   is   better   to   allow   only    1/16"  clearance 
between  die  and  punch  and  to  require  reaming  that  will 
cut  away  the  damaged  metal.     The  difficulty  of  punch- 
ing thick  material  with  this  clearance,  and  the  breaking 
of  punches  in  doing  so,  may  drive  the  shops  to  the  use 
of  drills;  and  this  would  greatly  improve  the  work. 

The  arrangement  of  many  standard  specifications  ii 
faulty.  Clauses  that  affect  the  whole  character  of  the 
work,  such  as  reaming,  planing  of  edges,  kind  of  material, 
etc.,  should  be  brought  together  under  one  heading, 
preferably  near  the  beginning  of  the  specifications.  It  is 
not  unusual  for  a  contractor  to  learn  after  he  has  taken 
a  Job,  that  some  obscure  clause  of  a  few  words  adds 
enormously  to  the  cost  of  the  work. 

The  parts  of  specifications  that  are  especially  for  the 
computer,  the  draftsman,  the  shop  man,  should  be  kept 
separate  as  far  as  practicable.  The  allowance  of  crimped 
stiffeners  has  nothing  to  do  with  workmanship,  but  must 
be  decided  long  before  the  workman  has  anything  to 
do  with  the  job.  "Field  riveting  reduced  to  a  minimum" 
concerns  the  draftsman  and  belongs  under  details.  Spac- 
ing of  rivets  does  not  concern  the  computer  and  henct 
belongs  under  detals,  not  proportion  of  parts.  All  uniti 
should  be  brought  together  for  ready  reference  by  both 
computer  and  designer  as  well  as  checker. 

Camber  is  a  matter  that  is  very  much  overworked. 
Some  engineers  make  elaborate  provision  for  camber  In 
all  spans,  as  though  it  were  an  essential  in  the  strength 
of  a  bridge;  whereas  it  is  not  even  remotely  connected 
with  the  strength  in  any  way.  The  only  need  of  camber 
is  to  avoid  a  dip  in  the  track.  In  a  deck  girder  span 
the  cover  plates  perform  this  office,  and  camber  is  not 
only  useless  but  objectionable.  If  the  span  is  short  and 
has  no  cover  plates,  it  is  in  no  need  of  camber  because 
of   the   shortness   of   the   span   and   the   small   deflection. 

In  the  matter  of  unit  stresses  the  author  has  followed 
in  a  general  way  the  scheme  of  Cooper's  standard  speci- 
fications, which  he  believes  to  be  the  best  system  yet 
devised  for  taking  care  of  members  and  stresses  of 
different  kinds.  Live  load  is  about  twice  as  destructive 
on.. the  sections  of  members  as  dead  load,  not  i)ecauie 
it  produces  stresses  double  the  amount  of  quiescent  loads, 
but  because  of  the  stretching  and  relaxing  of  the  metal 
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Further,  the  length  of  span  has  little  or  nothing  to  do 
with  the  effect  of  so-called  impact,  except  as  the  shock 
is  more  immediately  transmitted  to  the  member.  With 
rollingr  loads  a  perfectly  smooth  track  and  true,  balanced 
wheels  would  give  practically  no  increase  over  quiescent 
stresses,  and  would  need  less  than  double  provision  for 
live  load  over  dead  load  stresses.  It  is  the  rougrhness  of 
track  and  lack  of  balance  in  driving:  wheels  that  sives 
the  effect  of  so-called  impact.  Sudden  application  of  the 
load  or  shortness  of  time  required  for  a  part  to  receive 
its  calculated  stress  have  little  meaningr  except  as  they 
apply  to  the  nearness  or  remoteness  of  the  jarring  load 
in  the  structure.  Users  of  impact  formulas  acknowledge 
that  they  are  mere  guesses.  Experiments  that  have  l^een 
made  to  arrive  at  a  formula  are  hopelessly  at  varrance% 
Details  should  be  designed  on  the  basis  ()X  tne  total 
maximum  load  whether  dead  or  live,  with  low  values  for 
rivets  in  all  cases.  A  riveted  connection  cannot  vive 
until  it  is  greatly  overstressed,  and  with  low  values  no 
connection  could  be  overstressed.  There  fs  not  the 
stretching  and  relaxing  in  a  riveted  connection  that 
occurs  in  a  long  member.  The  use  of  impact  and  of 
fatigue  formulas  in  designing  riveted  connections, 
assumes  a  knowledge  on  the  part  of  engineers,  of  tha 
action  of  riveted  connections,  that  is  not  in  their  poS- 
ession.  It  is  best  to  use  low  units  for  both  dead  and 
live  loads.  The  connection  is  then  known  to  be  safe 
without   reliance   upon  unproven   assumptions. 

In  the  matter  of  equal  units  in  tension  and  com- 
pression members,  tests  that  have  been  unburied  and 
that  have  been  brought  to  the  attention  of  engineers 
during  the  last  few  years  have  abundantly  proven  the 
absurdity  of  such  allowance.  It  is  well  known  that 
short  compression  members  will  not  stand  as  much  in 
tests,  per  sq.  in.,  as  tension  members.  It  is  further  known 
that  while  a  tension  member  that  is  defective  by  reason 
of  its  being  bowed  will  straighten  under  test  and  reduce 
its  own  eccentric  stress,  a  compression  member  will'  act 
in  a  reverse  manner.  A  factor  of  safety  is  to  cover 
imperfections,  largely.  Prom  every  standpoint  com- 
pression members  should  have  lower  basic  units  than 
tension  members.  It  is  believed  that  all  speciflcation 
writers  will  be  forced  to  recogrnize  this  fact  in  the  not 
distant   future. 

Another  inconsistency  in  many  specifications  is  in 
the  use  of  the  same  tensile  unit  for  eyebars  of  medium 
steel  and  for  the  net  sections  of  built  members.  An  eye- 
bar  is  the  most  perfect  tension  member  yet  devised,  and 
being  of  higher  steel  than  punched  work  it  should  have 
a  higher  unit  than  a  built  member  in  tension,  with  the 
uncertainty  of  nunched  holes  and  of  possible  eccentricity 
or  lack  of  uniform  distribution  of  stress  in  the  several 
parts. 

In  the  matter  of  the  planing  of  the  edges  of  plates 
and  ends  of  pieces,  it  is  best  to  require  this  only  where 
the  safety  demands  it,  and  to  let  clauses  governing 
appearance  and  neatness  of  work  take  care  of  other 
parts.  The  web  plates  of  girders  are  seldom-  planed.  If 
they  take  only  shear  they  do  not  need  tp  b*  planed;  but 
if  they  act  to  aid  the  flange  in  tensfo*  th^f  should  be 
planed.  It  is  best  not  to  count  upon  twm  tW*  of  a  girder 
as  aiding  the  flange  in  any  important  IfWiL  It  requires 
cumbersome  splices,  and  should  denlund,  without  fail, 
planed  edges. 
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SPECIFICATIONS   FOR   StfttCTttlAL   WORK. 
GBNBRAIi    CONDITIONS. 

1.  Structural  work  will  be  designated  by  classes  as 
follows: 

Al.  In  work  of  this  class  all  steel  will  be  made  by 
the  open  hearth  process;  all  rivet  holes  will  be  sub-punched 
and  reamed  or  drilled  from  the  solid;  all  sheared  plates 
forming:  webs  of  srirders  or  component  parts  of  tension 
or  compression  members  (includins  splice  plates)  will 
have  sheared  edgres  planed  off  to  a  depth  of  at  least  one- 
eighth  of  an  inch;  beams  or  girders  framing  into  other 
parts  will  have  their  ends  milled  true. 

A2.  In  work  of  this  class  all  steel  will  be  made  by 
the  open  hearth  process;  all  rivet  holes  in  members  sub- 
ject to  tensile  or  tranverse  strains  and  all  holes  for  field 
rivets  will  be  sub- punched  and  reamed  or  drilled  from 
the  solid;  all  sheared  plates  forming  component  parts  of 
tension  or  compression  members  (including  splice  plates) 
will  have  sheared  edges  planed  ott  to  a  depth  of  at  least 
one-eighth  of  an  inch;  beams  or  girders  framing  into 
other  parts  will  have  their  ends  milled  true. 

A3.  In  work  of  this  class  all  steel  will  be  made  by 
the  open  hearth  process;  rivet  holes  may  be  punched; 
planing  or  chipping  of  sheared  plates  will  be  required 
in  the  case  of  component  parts  of  tension  members  (in- 
cluding splice  plates),  one-eighth  inch  of  the  plate  being 
removed. 

Bl.  In  work  of  this  class  Bessemer  steel  may  be  used. 
The   shop   requirements   will   be   the   same   as  class  Al. 

B2.  In  work  of  this  class  Bessemer  steel  may  be  used. 
The   shop   requirements   will   be   the   same   as   class  A2. 

B3.  In  work  of  this  class  Bessemer  steel  may  be  used. 
The   shop    requirements   will   be    the    same   as   class  A3. 

2.  In  all  classes  of  work  where  web  plates  are  counted 
on  to  add  to  the  area  of  flange,  these  web  plates,  if 
sheared,  must  be  planed  on  the  edges,  and  a  note  to  this 
effect  must  be  made  on  the  detail  drawing. 

3.  By  sub-punching  and  reaming,  or  simply  reaming* 
it  is  to  be  understood  that  rivet  holes  are  punched  at 
least  one-eighth  of  an  inch  less  than  the  diameter  of 
the  rivet  and  subsequently  reamed,  wUh  the  parts 
assembled,  to  a  diameter  one-sixteenth  of  an  inch  larger 
than  the  rivet.  Beaming  for  field  connection  must  be 
through  iron  templates  or  with  the  parts  assembled.  In 
the  latter  case  they  must  be  match  marked  before  ship- 
ment. Instead  of  iron  templates  2-in.  oak  boards  may 
be  used,  with  steel  bushings  2^  in.  in  diameter. 

4.  The  requirement  for  reaming  applies  to  all  parti 
except  handrailings,  ornamental  parts,  .and  parts  that 
take  no  strain  of  any  kind.  Floor  plates  and  lattice  bars 
may  also  be  punched  in  all  classes  of  work,  but  the  holes 
in  the  flanges  taking  same  are  included  in  clauses  requir* 
ing  reaming.  The  use  of  a  templet  or  the  assembling  of 
parts  will  not  be  required  in  the  case  of  field  holes  for 
floor  plates. 

6.  Unless  otherwise  stated  in  the  contract,  all  rail- 
road bridges  will  be  of  the  kind  of  work  designated  as 
class  A2;  highway  bridges  and  ofTice  buildings  will  be  of 
the  kind  or  work  designated  as  class  A2  or  B2;  mill 
buildings  will  be  of  the  kind  of  work  designated  ai 
A3  or  B3* 

440 


6.  Material  that  Is  to  be  punched,  sheared,  or  bent 
cold  or  hot  will  be  of  structural  steel.  Pins  and  eye-bars 
and  any  forged  parts  will  be  of  medium  steel.  Plvets 
and  small  welded  rods  will  be  of  rivet  steel. 

7.  Cast  iron  buildingr  columns  will  be  permitted  only 
where  no  more  than  four  tiers  of  columns  are  used. 

8.  The  desigrn  of  a  structure  and  the  execution  thereof 
will  be  in  accordance  with  good  practice  in  every  respect 
for  the  class  of  work  to  be  done.,  The  materials  used 
will  be  such  as  have  become  standard  in  flrst-class  work 
for  the  use  intended.  Workmanship  will  be  first-class 
in  every  particular. 

9.  Rods  1%"  square  in  cross  section  and  less  may 
have  scarf-welded  loops,  provided  a  full  sized  test  shows 
50,000  lbs.  per  sq.  in.  ultimate  strength  and  failure  does 
not  occur  in  the  weld. 

10.  When  the  contractor  who  fabricates  the  steel 
work  does  not  do  the  erection,  he  will  furnish  all  of 
the  necessary  pilot-nuts,  driving-nuts,  and  erection  bolts 
and  rivets  with  the  structure  without  additional  charge; 
except  where  the  contract  is  on  a  pound  basis,  when 
these  parts  will  be  furnished  at  the  same  price  per 
pound  as  the  rest  of  the  work. 

11.  Unless  otherwise  specified,  all  railroad  and  elec- 
tric railway  bridges  will  be  erected  by  the  Contractor 
ready  for  the  rails.  All  ties  and  guardrails  will  be  fur- 
nished by  the  Purchaser,  but  will  b«5  put  in  place  by 
the  Contractor,  all  floor  deck  bolts,  washers,  nut  locks, 
etc.,  being  furnished  by  the  Contractor. 

12.  The  Contractor  will  drill  all  of  the  necessary 
anchor  bolt  holes  in  the  masonry,  and  will  set  the  bolts 
in  place,  grouting  the  same  with  neat  Portland  cement 
mortar. 

18.  When  necessary  the  Contractor  will  provide 
watchmen  and  other  safeguards  during  erection. 

14.  The  Contractor  will  comply  with  all  laws  and 
ordinances  whenever  there  are  any  applicable  to  the 
work  in  execution. 

15.  The  Contractor  will  assume  all  risks  of  acci- 
dents or  from  floods  or  other  causes,  until  the  final  com- 
pletion of  the  work. 

16.  The  Contractor  will  pay  all  patent  fees  for  de- 
vices or  processes-  usied  in  the  design,  the  fabrication,  or 
the  erection  of  the  work,  and  the  cost  of  same  will  be 
included  in  his  contract  price. 

17.  Unless  specifically  understood  otherwise,  the  Con- 
tractor will  be  held  responsible  for  the  fitting  together 
of  all  parts  and  the  completeness  of  the  structure. 
Approval  of  the  detail  plans  by  the  Purchaser  will  not 
relieve  the  Contractor  from  this  responsibility,  but  will 
be  understood  to  cover  acceptance  of  the  character  and 
strength  of  details  as  well  as  the  sizes  of  parts  shown. 

18.  Upon  demand  by  the  Purchaser  the  Contractor 
will  furnish  him  with  blue  prints  in  duplicate  of  all 
general  and  detail  drawings  of  the  work.. 

19.  The  Contractor  will  further  comply  with  any 
demand  of  the  Purchaser  for  detail  drawings  to  be 
approved  before  work  is  commenced,  and  will  refrain 
from  doing  any  work  in  his  shops  until  such  approval  Is 
grlven  by  the  Purchaser. 
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LOADS    FOR    RAILROAD    BRIDGES. 

20.  In  estimating^  the  dead  weigrht  of  bridgres  treated 
timber  will  be  taken  at  6  lbs.  per  foot  of  board  measure, 
oak  at  4^  lbs.,  yellow  pine  at  4  lbs.,  and  white  pine 
at  3  lbs. 

21.  Where  the  floor  of  a  bridge  is  of  ordinary  con- 
struction»  the  dead  load  per  foot  of  track  will  be  assumed 
at  400  lbs.  For  special  floors  the  weight  per  lineal  foot 
will  be  estimated,  allowing  100  lbs.  per  foot  of  track 
for  rails  and  fastenings.  In  ballasted  floors  on  a  treated 
timber  deck  the  average  depth  of  ballast  will  be  taken 
at  10  inches  and  the  weight  per  cubic  foot  of  the  same 
at  100  lbs.;  the  weight  of  rails  and  ties  for  this  kind  of 
construction  will  be  assumed  at  250  lbs.  per  lineal  foot 

22.  The  live  load  will  be  what  is  known  as  Cooper's 
Standard  loading,  £-50,  E-45,  etc.,  as  per  sketch  on  the 
opposite  page,  the  class  of  loading  to  be  designated  by 
the  railroad  company.  (For  E-45  loading  use  loads  45/50 
of  those  for  E-50,  etc.)  In  all  classes  of  loading  up  to 
E-40  a  load  of  100,000  lbs.   divided  equally  between  two 

gairs  of  driving  wheels  six  feet  center  to  center  is  to 
e  used  where  the  same  will  give  greater  efl!ects.  In 
classes  above  E-40  a  load  of  120,000  lbs.,  similarly  dis- 
posed. Is  to  be  used.  The  following  table  will  be  useful 
as  a  guide  to  determine  when  to  use  the  alternate  loading. 
The  table  gives  the  lengths  of  spans  where  the  regular 
engine  loading  and  the  heavy  concentrations  grive  the 
same  maximum  moments  and  end  shears.  For  greater 
spans  use  the  regular  engine  loading,  and  for  smaller 
spans  use  the  heavy  concentrations. 

E-30        E-36       E-40        E-42        E-45       E-50 

Moment 29.10       20.03        13.37        20.03        16.39       12.27 

End  Shear 27.03       18.75       15.00       18.75       16.50       13.00 

23  The  lateral  bracing  at  loaded  chord  of  truss 
bridges  will  be  proportioned  to  resist  a  lateral  force  of 
600  lbs.  per  lineal  foot  of  span,  to  be  treated  as  a  moving 
load.  The  lateral  bracing  at  unloaded  chord  of  truss 
bridges  will  be  proportioned  to  resist  a  lateral  force  of 
150  lbs.  per  lineal  foot  of  span  for  spans  up  to  300  feet, 
and  10  lbs.  additional  for  each  additional  30  feet,  to  be 
treated  as  a  moving  load. 

24.  The  lateral  bracing  of  plate  girder  spans  will 
be  proportioned  for  a  lateral  force  of  300  lbs.  per  foot 
plus  30  lbs.  for  each  foot  in  depth  of  girder,  to  be  treated 
as  a  moving  load.  In  deck  girder  spans  having  top  and 
bottom  lateral  bracing,  the  bottom  bracing  will  be  pro- 
portioned to  take  one-third  of  the  lateral  force. 

25.  For  lateral  bracing  the  forces  may  be  considered 
as  applied  in  the  plane  of  the  bracing. 

26.  For  sway  bracing  in  trestle  bentjs  the  wind  loads 
will  be  taken  at  30  lbs.  per  sq.  ft.  on  the  side  of  a  train 
10  feet  high,  the  center  of  application  being  six  feet  above 
the  base  of  rail,  in  addition  to  the  wind  on  the  girders 
at  30  lbs.  per  sq.  ft.,  and  100  lbs.  per  foot  of  height  of 
bent.  In  calculating  the  anchorage  an  empty  train  is 
to  be  assumed  to  weigh  800  lbs.  per  foot  of  track. 

•  27.  When  the  track  is  curved,  the  additional  effect 
of  centrifugal  force  applied  five  feet  above  the  base  of 
rail  will  be  considered.  The  speed  of  train  will  be 
assumed  60  —  3D  miles  per  hour,  where  D  =  the  degree 
of  curve. 

28.  A  longitudinal  or  tractive  force  equal  to  two- 
tenths  of  the  maximum  live  load  that  can  come  upon  the 
structure  will  be  provided  for. 
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UNIT  STRESSES   FOR   RAILROAD   BRIDGES,   POUNDS 

PER  SQUARE  INCH. 

29.     Floorbeam  hangers  and  other  parts  liable 

to  sudden  loading:,  net  section 6,000 

Solid   rolled   beams   used   as   cross   floor   beams 

and  stringrers 10,000 

Bottom    llan£res«  of    riveted    cross    girders,    net 

section 10,000 

Bottom    flangres    of    riveted    longritudinal    plate 

girders,  used  as  track  stringers,  (including  girder 

spans  up  to  25  ft.)  net  section 10,000 

Eyebars  and  upset  threaded  rods  (not  looped), 

for  live  loads 11,000 

Eyebars  and  upset  threaded  rods  (not  looped), 

for  dead  loads 22,000 

Soft  steel  or  wrought  iron  rods,  for  live  loads . .  9,000 
Soft  steel  or  wrought  iron  rods,  for  dead  loads. .  18,000 
Riveted  tension  truss  members,  tension  flanges 

of  girders,  for  live  loads,  net  section 10,000 

Riveted  tension  truss  members,  tension  flanges 

of  girders  (above  25  ft.)  for  dead  loads,  net  section  20.000 
Tension  braces  for  wind  loads,  rods  and  eyebars  17,000 
Tension  braces  for  wind  loads,  shapes,  net  section  14,000 
Tension  braces  to  resist  centrifugal  or  tractive 

forces,  rods  and  eyebars 18,000 

Tension  braces  to  resist  centrifugal  or  tractive 

forces,    shapes,    net    section 11,000 

Compression   members   in   trusses   or   viaducts, 

for  live  load 9,000  —  40  1  over  r 

Compression    members   in    trtisses    or   viaducts, 

for  dead  load 18,000  —  80  1  over  r 

Compression  braces  for  wind  loads 

13,000  —  60  1  over  r 

Compression  braces  for  centrifugal  or  tractive 

forces 10,000  —  45  1  over  r 

In  the  foregoing  I   =   length  of  compression  member. 

in*  inches,   c.   to   c.   of  connections;   r   =    least   radius  of 

gyration  of  the  section,  in  inches. 

Bearing  on  pins 18,000 

Bearing  on  shop   rivets    16,000 

Bearing  on  field    rivets    12,000 

Bending  on  pins   20,000 

Shear  on  shop   rivets    7,600 

Shear  on  field  rivets   6,000 

Shear  on  webs  of  girders,  gross  section 6,000 

For   rivets    taking   wind    stresses    the    units   may  b« 

increased  one- third  above  the  regular  units. 

Compression    on    end    stiffeners,    not    Including 

fillers   12,000 

Pressure    on    rollers,    diameter    d    Inches,    per 

lineal  inch SOOd 

Pressure   on  masonry 260 

Timber  in  bending,  white  oak  or  yellow  pine...     1»00^ 

Timber  in  bending,  white  pine   *^ 

Pressure    on    white    oak    or    yellow    pine,    per- 
pendicular to  grain 200 

Pressure  on  white  pine,  perpendicular  to  grain..  150 
Compression  in  posts  of  white  oak  or  long  leaf 

yellow  pine   1,000  —  18  1  over  d 

Compression  in  posts  of  white  pine.  .800  —  16  1  over  4 
1   =   length  of  post  in  Inches  d  =   width   of  smallest 

side  in  inches. 
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Shear  on  white  oak  or  yellow  pine  in  direction 
of  grain 100 

Shear  on  white  pine  in  direction  of  grain 80 

Shear  on  white  oak  or  yellow  pine  transverse  to 
grain    500 

Shear  on  white  pine  transverse  to  grain 400 

30.  In  tension  and  compression  members  subject  to 
bending  strains  the  regular  unit  strain  given  above  may 
be  increased  one-third  for  the  combined  unit  when  the 
bending  strain  is  due  to  wind  and  one-tenth  when  it  is 
due  to  the  dead  weight  of  the  member.  (The  total  maxi- 
mum stress  divided  by  the  total  required  area  is  the  unit 
stress  in  any  member  taking  direct  stress,  and  this  plus 
the  extreme  fibre  stress  due  to  bending  is  the  unit  stress 
in  a  member  subject  also  to  bending  strains.)  In  other 
cases  the  combined  units  will  not  exceed  those  given 
for  direct  stress. 

31.  Members  and  their  connections  subject  to  alter- 
nate tension  and  compression,  will  be  proportioned  for 
each,  increasing  each  stress  by  eight- tenths  of  the 
smaller.  This  will  not  apply  to  braces  for  wind,  centri- 
fugal, or  tractive  stresses. 

32.  Tension  will  be  allowed  on  rivet  heads  to  the 
amount  of  one-half  of  the  single  shear  value  of  the  rivet. 

33.  Bolts  in  shear  will  have  two-thirds  the  value  of 
field  rivets,  if  not  a  driving  fit,  or  the  full  value  of  field 
rivets  if  made  a  driving  fit  in  drilled  or  reamed  holes. 

LOADS    FOR    HIGHWAY    AND     ELECTRIC     RAILWAY 

BRIDGES. 

34.  In  estimating  the  dead  weight  of  bridges  the  same 
value  will  be  used  for  weight  of  timber  as  given  for 
railroad  bridges. 

35.  For  bridges  carrying  electric  car  tracks  the 
rolling  load  per  track  will  consist  of  two  cars  coupled 
together,  as  per  sketch. 
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Or  the  rolling  load  per  track  will  be  1,800  lbs.  per  ft. 
for  spans  up  to  100  ft.  with  uniform  variation  between 
100  and  200  ft.  spans  to  1,200  lbs.  per  ft.  for  spans  of 
200  ft.  and  over. 

36.  In  addition  to  the  rolling  load  there  will  be  a  live 
load  on  the  portion  of  the  floor  outside  of  a  ten-foot  strip 
for  each  car  track,  of  100  lbs.  per  sq.  ft.  for  spans  up  to 
100  ft.  with  uniform  variation  between  100  and  200  ft. 
spans  to  80  lbs.  per  sq.  ft.  for  spans  of  200  ft.  and  over. 

37.  For  town  or  city  bridges  not  intended  for  electric 
car  traffic  a  concentrated  load  will  be  used  in  propor- 
tioning the  floor  system  consisting  of  24,000  lbs.  on  two 
axles  7  feet  centers,  the  wheels  being  5  ft.  apart. 

38.  For  country  highway  bridges  a  concentrated  load 
will  be  used  in  proportioning  the  floor  system  consisting 
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of  12,000  lbs.  on  two  axles  6  feet  centers,  the  wheels  being 
6   ft.  apart. 

39.  For  all  bridges  not  carrying  electric  car  tracks 
a  uniform  load  coveringr  the  entire  floor  area  will  be  used, 
the  same  in  amount  as  sriven  in  paragraph  36 — this  load 
to  be  used  in  proportioning  all  parts  that  are  not  more 
heavily  strained  by  the  concentrated  load.  The  floor  sys- 
tem of  all  sidewalks  will  be  proportioned  for  100  lbs.  per 
sq.  ft 

40.  The  lateral  bracing  at  loaded  chord  of  truss 
bridges  will  be  proportioned  to  resist  a  lateral  force  of 
300  pounds  per  foot,  to  be  treated  as  a  moving  load,  for 
spans  up  to  200  ft.  and  0.4  lb.  per  lineal  foot  for  each 
additional  foot  in  length  over  200  feet.  The  lateral 
bracing  at  unloaded  chord  of  truss  bridges  will  be  pro- 
portioned to  resist  a  lateral  force  of  150  lbs.  per  lineal 
root,  to  be  treated  as  a  moving  load. 

41.  The  lateral  bracing  of  girder  spans  will  be  pro- 
portioned for  a  lateral  force  of  200  lbs.  per  foot  plus  30 
lbs.  for  each  foot  In  depth  of  girder,  to  be  treated  as  a 
moving  load.  In  deck  spans  having  top  and  bottom 
lateral  bracing  the  bottom  bracing  will  be  proportioned 
to  take  one-third   of  the  lateral  force. 

42.  For  lateral  bracing  the  forces  may  be  considered 
as  applied  in  the  plane  of  the  bracing. 

43.  For  sway  bracing  in  trestle  bents  the  wind  loads 
from  the  lateral  systems  will  be  considered  as  applied 
in  the  planes  of  the  same;  in  addition  a  load  of  100  lbs. 
per  foot  of  height  of  bent  will  be  used.  In  calculating  the 
anchorage  one-half  of  the  specifled  wind  load  will  be 
assumed  to  act  on  the  unloaded  structure. 

44.  For  structures  carrying  electric  car  traffic  the 
effect  of  centrifugal  force  will  be  considered  in  the  brac- 
ing only,  a  speed  of  40  miles  per  hour  being  used.  On 
the  same  class  of  structures  a  tractive  force  equal  to 
two-tenths  of  the  rolling  load  will  be  provided  for. 

UNIT     STRESSES     FOR     HIGHWAY     AND     ELECTRIC 
RAILWAY    BRIDGES,    LBS.    PER    SQ.    IN. 

45.  Floorbeam  hangers  and  other  parts  liable 

to  sudden  loading,  net  section 8,000 

Solid  rolled  beams  used  as  cross  floorbeams  and 

stringers 12,600 

Bottom    flanges    of    riveted    cross    grirders,    net 

section 12,500 

Bottom    flanges    of    riveted    longitudinal    plate 

girders,  used  as  track  stringers,  net  section 12,600 

Eyebars  and  upset  threaded  rods,   (not  looped), 

for  live  loads 12,000 

Eyebars  and  upset  threaded  rods,   (not  looped), 

for  dead  loads 24.000 

Soft  steel  or  wrought  iron  rods,  for  live  loads..  10,000 
Soft  steel  or  wrought  iron  rods,  for  dead  loads. .  20,000 
Riveted  tension  truss  members,  tension  flanges 

of  girders,  for  live  loads,  net  section 11,000 

Riveted  tension  truss  members,  tension  flanges 

of  girders,  for  dead  loads,  net  section 22,000 

Tension  braces  for  wind  loads,  rods  and  eyebars  17,000 
Tension    braces    for    wind    loads,    shapes,     net 

section 14,000 

Tension  braces  to  resist  centrifugal  or  tractive 

forces,  rods  and  eyebars 13,000 
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Tension  braces  to  resist  centrifugal  or  tractive 

forces,  shapes,   net  section 11,000 

Compression  members  in  trusses  or  viaducts  for 

live  load   10,000  —  45  I  over  f 

Compression  members  in  trusses  or  viaducts,  for 

dead  load   20,000  —  90  1  over  f 

Compression  braces  for  wind  loads.  13.000  —  60  I  over  f 
Compression  braces  for  centrifugal  or  tractive 

forces : 10,000  —  45  I  over  r 

In  the  foregoing,  I  =  length  of  compression  member, 
in  inches,  c  to  c.  of  connections;  r  =  least  radius  of 
gyration  of  the  section,  in  inches. 

Bearing  on  pins 18,000 

Bearing  on  shop  rivets 16,000 

Bearing  on  field  rivets 12.000 

Bending  on  pins 20,000 

Shear  on  shop  rivets 7,500 

Shear  on  field  Hvets   6,000 

Shear  on  w6bs  of  girders,  gross  section 6,000 

For  rivets  taking  wind  stresses  the  units  may  be  in- 
creased one- third  above  the  regular  units. 

Compression    on    end    stiffeners,    not    including 

fillers 13.000 

Pressure  on  rollers,  diameter  d  inches,  per  lineal 

inch   300d 

Pressure  on  masonry 250 

46.  Units  allowed  on  timber  same  as  for  railroad 
bridges. 

47.  Paragraphs  30,  31,  32,  33,  under  Unit  Streaae*  for 
Railroad  Brldfres  apply  also  for  this  class  of  bridges. 

LOADS   FOR  CITY   BUILDINGS. 

48.  The  loads  for  city  buildings  in  addition  to  the 
aead  load   of   the   floor   or  structure   will   be   as   follows: 

LIVE  LOADS  FOR  FLOORS  IN  POUNDS  PER 

SQUARE   FOOT. 
Dwelling  house,  apartment  house,  tenement  house, 

botel,  lodging  house 60 

Office,  above  first  floor 75 

Office,  first  floor 150 

School 75 

Stable  or  carriage  house 75 

Place  of  public  assembly ^  . . . .     90 

Ordinary  store,  light  manufacturing,  light  storage  120 
Store    for    heavy    materials,    warehouse,    factory, 

building    for    commercial    purposes 150 

LIVE    LOADS    FOR    ROOFS    IN    POUNDS    PER    SQ.    FT. 
OF    HORIZONTAL    PROJECTION. 

Pitch  20  degrees  or  less 50 

Pitch  more  than  20  degrees 30 

49.  Live  load  for  sidewalks,  in  pounds  per  sq.  ft. . .   300 

50.  In  buildings  over  five  stories  in  height  a  reduc- 
«on  of  live  loads  will  be  allowed  as  follows:  For  the 
foof  and  top  floor  the  full  live  load  will  be  used;  for 
each  succeeding  lower  floor  a  reduction  of  5  per  cent, 
^ay  be  made,  until  this  reduction  amounts  to  50  per  cent., 
ynen  such  reduced  loads  will  be  used  for  all  remaining 
"oors.  To  make  this  paragraph  more  clear,  after  the 
^Pper  eleven  floors   are   passed   50   per  cent,   of  the   full 
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live  load  Is  to  be  used.     This  paragraph  applies  to  the 
columns  and  their  footings.  ^ 

51.  A  pressure  of  25  pounds  per  sq.  ft.  of  vertical 
surface  exposed  to  the  wind  will  be  provided  for.  The 
horizontal  force  due  to  a  wind  load  of  the  same  intensity, 
acting  on  inclined  roofs,  will  also  be  provided  for  in 
the  structure. 

52.  In  buildings,  having  brick,  stone,  or  concrete 
walls,  under  100  ft.  in  height,  provided  the  height  does 
not  exceed  four  times  the  average  width  of  the  base,  no 
special  provision  need  be  made  for  wind  bracing. 

UNIT   STRESSES   FOR   CITY  BUILDINGS. 

68.  The  unit  pressures  and  stresses  allowed  for  city 
buildings  will  be  as  follows: 

SAFE  LOADS  ON  MASONRY  IN  TONS  PER 

SQUARE  FOOT. 

Brick,  in  lime  mortar  8 

Brick,  in  lime  and  cement  mortar 11.5 

Brick,  in  cement   mortar 15 

Rubble,  in  Portland  cement  mortar 10 

Rubble,  in  other  than  Portland  cement  mortar....     8 

Rubble,  in  lime  and  cement  mortar 7 

Rubble,  in  lime  mortar 5 

Portland  cement  concrete 16 

Other  than  Portland  cement  concrete 8 

SAFE   LOADS   ON  COLUMNS   OR   COMPRESSION  MEM- 
BERS WITH  FLAT  ENDS  IN  LBS.  PER  SQ.  IN. 

Cast  Iron 7,600  —  40  1  over  d 

Steel 16,200  —  58  1  over  r 

In   the   foregoing  1    =    length   of   member   in   inches; 

r  =  least  radius  of  gyration  in  inches;  d  =  least  width 

in  inches. 

SAFE   LOADS  IN  POUNDS   PER   SQUARE    INCH. 

Eyebars 16,000 

Rolled  beams  in  bending 16.000 

Built  steel  tension  members,  net  section 15,000 

Bearing  on  pins 20,000 

Bearing  on  shop  rivets    18  000 

Bearing  on  field  rivets 15,000 

Bending  on  pins    20.000 

Shear  on  shop  rivets •  •  •  •     0,000 

Shear  on  field  rivets 7.500 

Pressure  on  rubble  stone 180 

Pressure  on  cut  stone JOO 

Pressure  on  brick  wall  in  lime  mortar 110 

Pressure  on  brick  wall  in  cement  mortar   200 

54.  Units    allowed    on    timber    same    as    for   railroad 
bridges. 

55.  Paragraphs  30,  31,  32,  33,  under  Unit  «tresscc  for 
Railroad  Bridges  apply  also  for  this  class  of  structures. 

66.     For  wind  loads  the  above  units  may  be  Increased 
one^third. 


448 


LOADS  FOR  MILL.  BUILDINGS. 

57.  In  mill  building  the  loads  on  floors  and  crane 
girders  will  be  such  as  the  uses  of  the  building-  demand. 

58.  A  pressure  of  25  pounds  per  square  foot  of  ver- 
tical surface  exposed  to  the  wind  will  be  provided  for. 
The  horizontal  forces  due  to  a  wind  load  of  the  same 
intensity  acting  on  inclined  roofs  will  also  be  provided 
for  in  the  structure. 

59.  The  snow  load  will  be  taken  at  30  pounds  per 
square  foot  of  horizontal  projection  of  the  roof. 

UNIT    STRESSES    FOR   MILL    BUILDING. 

60.  The  unit  stresses  for  mill  buildings  will  be  the 
same  as  for  city  buildings. 

PROPORTIONING    OF    PARTS. 

61.  The  span  of  a  beam  is  the  distance  center  to 
center  of  supporting  girders  or  of  masonry  supports;  that 
of  a  floorbeam  is  the  distance  center  to  center  of  trusses; 
that  of  a  girder  resting  on  columns  is  the  distance  center 
to  center  of  columns;  that  of  a  truss  is  the  distance 
center  to  center  of  end  pins  or  end  bearings.  The  span 
of  railroad  ties  is  the  distance  center  to  center  of 
stringers  whether  the  stringers  are  single  or  double,  but 
individual  planks  in  a  floor  deck  takijig  the  concentrated 
load  of  a  wagon  wheel  may  be  considered  as  having  a 
span  equal  to  the  clear  distance  between  supports. 

62.  Pliis  will  be  calculated  upon  the  assumption  that 
the  full  loads  are  applied  at  their  respective  centers  of 
pressure;  except  in  parts  where  there  is  an  excess  over 

'  the    requirements    in    bearing    area,    in    which    case    the 
excessive  thickness  of  the  bearing  may  be   counted   out. 

63.  In  calculating  stresses  for  railroad  bridges  actual 
wheel  loads  will  be  used  where  such  are  specified.  Where 
uniform  load  is  specified,  panel  loads  are  to  be  employed 
to  obtain  stresses  in  trusses.  In  all  cases  where  the 
concentrated  loads  give  greater  stresses  or  moments, 
those  stresses  or  moments  are  to  be  used. 

64.  Seventy  per  cent,  only,  of  the  dead  load  stress  will 
be  considered  as  effective  in  counteracting  live  load  stress 
to  obtain  counter  stresses. 

65.  The  bending  moment  on  a  chord  irhlch  Is  loaded 
traasrersely  will  be  calculated  as  though  each  panel  of 
the  chord  were  a  beam  simply  supported  at  the  ends. 
For  the  splice  near  panel  points  one  half  of  this  moment 
will  be   used. 

66.  In  railroad  and  highway  work  no  main  com- 
pression member  irlU  exceed  100  times  the  least  radius  of 
gyration  in  length  center  to  center  of  end  connections, 
nor  will  any  brace  be  used  in  which  this  ratio  exceeds 
120.  In  mill  buildings,  for  truss  members  in  roofs  and 
for  wind  bracing,  this  ratio  will  not  exceed  150.  Timber 
and  cast  iron  compression  members  will  have  a  length 
not  exceeding  forty  times  their  least  width,  preferably 
not  over  30  times.  Steel  compression  members  will  have 
a  length  not  exceeding  50  times  their  least  width,  prefer- 
ably not   over   45   times. 

67.  SInfcle  ansrles  or  angles  In  pairs  connected  by 
rivets  at  intervals  or  by  batten  plates  will  not  be  con- 
sidered as  capable  of  acting  as  compression  members 
except  in  roof  trusses  or  sidewalk  brackets  or  in  bracing. 

Battened  struts  will  not  be  accepted  for  long  members. 
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68.  No  flats  will  be  used  as  riveted  tension  members. 

69.  Built    compression    members    will    be    latticed  on 
■Idesy  and  have  tie  plates  near  ends.     Built  tension 

members   will   preferably   be   latticed  also   on   open  sides. 

70.  In  dednctlnv  rivet  holes  to  obtain  the  net  section 
in  tension  the  rivet  hole  will  be  assumed  %"  larger  in 
diameter  than  the  nominal  diameter  of  the  rivet  in 
straight  holes;   in   countersunk   holes    %''   will   be  added. 

71.  Wherever  adjustable  rods  are  used,  struts  will 
be  proportioned  to  resist  the  resultant  due  to  an  initial 
stress  of  10,000  lbs.  per  sq.  in.  on  all  rods  attached  to 
them,  when  this  is  in  excess  of  the  maximum  stress  in 
the    struts    produced   from   other   causes. 

72.  Bottom  end  struts  will  be  provided  for  all  spans. 
and  between  the  bases  of  columns  of  trestle  towers,  where 
portal  construction   is  not  used. 

73.  Trusses  over  150  ft.  span  will  have  stiff  lower 
chords  in  the  two  .end  panels  at  each  end. 

74.  The  bottom  struts  In  trestle  towers,  both  longi- 
tudinal and  transverse,  will  be  capable  of  taking  a  stress 
not  less  than  25  per  cent,  of  the  dead  load  on  the  base 
of  the  posts  to  which  they  connect. 

75.  In  trestle  bents  with  inclined  posts  the  top  and 
bottom  struts  will  be  capable  of  sustaining  the  horizontal 
component  of  the  full  stress  in  the  posts.  The  bottom 
strut  will  be  in  compression  shape,  though  the  stress  It 
resists,  due  to  the  spreading  of  posts,  is  tension. 

76.  In  railroad  work  the  minimum  thickness  of  metal 
will  be  5-16  inches.  In  other  classes  of  work  the  minimum 
thickness  will  be  ^  inch,  except  in  webs  of  small 
channels. 

77.  Girders  and  trusses  for  skew  spans  will,  in  gen- 
eral, be  calculated  as  though  the  span  were  square. 

78.  Unless  otherwise  directed,  all  through  railroad 
spans  will  have  a  clear  head-room  of  23  feet  above  the 
base  of  rail  for  a  width  of  six  feet  over  the  track;  and 
the  clear  width  on  each  side  of  the  center  of  the  track 
will  be  not  less  than  7  ft.  6  in.,  beginning  at  a  height 
of  4  ft  6  in.  above  the  base  of  rail  and  extending  upwards 
to  a  height  of  17  ft.  above  the  base  of  rail.  The  clear 
width  at  base  of  rail  will  be  not  less  than  5  ft.  6  in.  on 
each   side   of  the  center  of  the   track. 

79.  On  curved  tracks  the  horizontal  clearance  given 
in  the  last  paragraph  will  be  increased  two  inches  on 
each  side  of  the  center  of  track  for  each  degree  of  curva- 
ture. Curves  on  long  truss  spans  may  require  special 
provision  for  horizontal  clearance.  Superelevation  of 
outer  rail  as  well  as  curvature  will  be  taken  into  con- 
sideration in  determining  these  clearances. 

80.  Double  track  throusrh  railroad  spans  will  prefer- 
ably have  two  trusses  or  girders,  in  order  to  avoid  spread- 
ing the  tracks,  the  standard  distance  between  the  centers 
of  tracks  being  13  ft.  The  outside  clearance  of  each  track 
will  conform  to  the  requirements  given  above.  Where 
a  center  girder  or  truss  is  used,  it  will  be  proportioned 
for  full  live  load  on  each  track. 

81.  When  a  span  is  on  a  curve,  it  will  be  placed  with 
its  center  line  parallel  to  the  chord  of  that  curve  and 
at  a  distance  of  two-thirds  of  the  versed  sine  of  the 
curve  from  the  chord.  Track  stringers  will  be  shifted 
laterally,  so  as  to  keep  the  center  of  the  track  approxi- 
mately   midway    between    the    stringers. 

82.  The  vertical  clearance  In  hlgrhway  spans  from  floor 
level   to  overhead  bracing  will  be  not  less  than  14  feet. 
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Ordinarily  a  clearance  of  20  feet  will  be  allowed  between 
guardrails  or  trusses. 

83.  Unless  otherwise  specified  railroad  strinirers  will 
be  spaced  6'  6"  center  to  center.  The  same  spacing  will 
be  used  for  deck  grirders  in  spans  up  to  75  feet.  Deck 
spans  longer  than  75  feet  will  preferably  have  wider 
spacing:,  a  90  ft.  span  having:  girders  about  8  ft.  apart. 
Where  double  stringrers  are  used,  each  pair  of  beams  will 
be  centrally  under  a  rail,  assuming:  rails  five  feet  center 
to  center. 

84.  Spans  vp  to  25  feet  will  preferably  be  rolled 
beams;  between  25  and  90  ft.,  riveted  plate  grirders;  be- 
tween 90i  and  120  ft.,  riveted  plate  or  lattice  girders; 
between  120  and  150  ft.,  lattice  or  pin-connected  trusses; 
over  150  ft.,  pin-connected  trusses. 

85.  I  beams  in  railroad  girders  will  preferably  have 
a  depth  not  less  than  1-12  of  the  span  and  built  grirders 
1-10  of  the  span.  When  it  is  necessary  to  use  built 
girders  less  than  1-12  of  span  in  depth,  the  fiange  area 
will  be  increased  over  the  regular  requirements  in  the 
ratio  of  the  depth  used  to  that  required  at  1-12  of  span, 
in  order  to  reduce  the  deflection. 

86.  Excepting  play  in  bolt  holes  expansion  details  for 
spans  up  to  30  feet  may  be  omitted.  For  spans  between 
30  and  85  feet,  sliding  between  planed  or  hammer  dressed 
plates  will  be  allowed.  For  spans  85  feet  and  over,  turned 
rollers  or  rocker  details  will  be  used.  The  minimum 
diameter  of  rollers  for  highway  bridges  will  be  2V^"  and 
for  railroad  bridges  4". 

87.  Spans  of  80  feet  or  more  will  preferably  have 
bolsters  of  cast  or  wrought  steel  and  a  pin  bearing.  Or 
the  pin  bearing  may  be  replaced  by  a  plate  or  block  of 
steel,  thus  reducing  the  length  of  bearing  in  the  direc- 
tion of  tne  axis  of  the  bridge  to  overcome  the  effect 
of  deflection. 

88.  Floorbeams  will,  in  general,  have  riveted  connec- 
tions to  verticals. 

89.  The  lateral  systent  in  plane  of  loaded  chord  of 
truss  bridges  as  well  as  all  laterals  for  girder  spans,  will 
be  of  stiff  members.  They  may  be  designed  as  tension 
members  or,  if  the  ratio  of  length  to  radius  of  gyration 
permits,  one  system  may  be  assumed  in  compression  and 
another  in  tension,  each  taking  one-half  of  the  lateral 
shear. 

90.  Deck  plate  girder  spans  of  50  feet  span  and  over, 
in  railroad  work,  will  have  a  bottom  lateral  system. 

91.  All  through  bridges  will  have  portals  of  approved 
design  at  each  end  of  span,  connected  rigidly  to  the  end 
posts.  When  the  end  post  is  15  inches  deep  or  less,  the 
portal  may  be  in  a  single  plane,  preferably  that  of  the 
cover  plate  of  end  post.  When  the  end  post  is  deeper 
than  15  inches,  the  struts  and  braces  of  portal  will  be 
double,  joined  by  lattice,  and  connecting  to  upper  and 
lower  flanges  of  end  post.  All  portals  will  have  knee 
braces. 

92.  Where  the  depth  of  truss  permits,  sub-struts  and 
overhead  diagonal  bracing  will  be  placed  at  each  vertical 
post  in  through  spans.  If  the  depth  is  not  sufficient  for 
the  use  of  the  sub-strut,  knee  braces  will  be  used  at  each 
end  of  top  lateral  struts,  the  braces  to  be  of  substantial 
design  and   to  have   efficient   end   details. 

93.  Laterals  will  be  placed  far  enough  below  the 
flange  to  clear  the  ties. 

94.  The    accumulated    wind    load    of    the    top    lateral 
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system  in  througrh  bridges  will  be  assumed  as  divided 
equally  among:  the  four  end  posts.  The  bending  moment 
la  an  ead  post  will  be  taken  as  the  product  of  the  shear 
carried  and  the  distance  from  shoe  to  bottom  strut  of 
portal  (or  to  foot  of  brace  if  the  same  is  substantial  and 
not  ornamental);  this  is  to  be  reduced  by  the  product 
of  the  dead  load  stress  in  end  post  and  half  the  distance 
between  the  webs  of  same,  unless  this  reduction  takes 
away  more  than  half  of  the  original  moment,  in  which 
case  the  half  of  the  original  moment  is  to  be  used  as 
the  bending  moment  due  to  wind. 

95.  Rolled  beams  are  to  be  proportioned  by  their 
moment  of  Inertia^  allowance  being  made  for  reduction 
due  to  holes  in  the  tension  flange. 

96.  The  effective  depth  of  a  bvllt  slrder  is  the  dis- 
tance center  to  center  of  gravity  of  flanges,  except  where 
this  distance  exceeds  the  depth  back  to  back  of  angles, 
when  the  latter  will  be  used  as  the  effective  depth. 

97.  In  railroad  and  highway  girders  the  flange  of 
ffirder  will  not  include  any  part  of  the  web  area.  In 
other  work,  if  the  web  plate  is  in  one  piece  end  to  end  of 
span  or  spliced  for  bending,  one-eighth  of  its  gross  area, 
concentrated  at  extreme  edge  of  web  plate,  will  be 
allowed  as  net  area  in  the  tension  flange. 

98.  Built  slrders  will  have .  the  same  sross  area  in 
the  compression  flange  as  in  the  tension  flange. 

99.  In  general  the  flangre  angrles  of  built  girders  will 
constitute  not  less  than  one-half  of  the  llaase  area.  When 
the  angles  are  6"  x  6"  x  %"  or  heavier,  they  will  con- 
stitute not  less  than  four-tenths  of  the  flange  area. 
Where  side  plates  are  used,  their  area  may  be  included 
with    the   angles. 

100.  The  thickness  of  web  plates  will  be  not  less 
than  one-two  hundredths  of  the  clear  distance  between 
flange  angles. 

101.  In  railroad  bridges  flangres  of  slrders  and  bnllt 
members  without  cover  plates  will  have  a  minlmnm  thick- 
ness of  one-twelfth  of  the  width  of  the  outstanding  leg. 

102.  No  crimping:  will  be  allowed  in  intermediate 
stiffener  angles  in  deck  girders,  nor  in  end  stiffener 
angles  in  deck  or  through  girders,  nor  in  stiffener  angles 
to  which  cross  floorbeams  are  attached. 

103.  Stiffener  ang:les  in  deck  plate  girders  will  be  so 
spaced  that  the  shear  per  square  inch  on  the  web  will 
not  exceed  12,000  -t-  (1  -i-  d  square  over  three  thousand  t 
square)  in  which  d  Is  either  the  clear  depth  between 
flange  angles  or  the  clear  distance  between  stiffeners,  and 
t  is  the  thickness  of  the  web  plate.  When,  in  any  other 
class  of  girder,  stiffeners  are  needed,  according  to  this 
formula,  they  will  be  spaced  about  the  depth  of  web 
apart  for  the  entire  span;  a  spacing  of  five  feet  must  not 
be  exceeded.  Stiffeners  will  consist  of  two  angles,  one 
on  each  side  of  the  girder,  having  outstanding  flanges 
about  three-fourths  of  the  width  of  girder  angles. 

104.  Cover  plates  will  extend  at  least  nine  inches 
beyond  the  theoretical  point  at  each  end.  In  railroad 
girders  having  cover  plates  one  top  cover  plate  will 
extend  the  full  length  of  span.  Cover  plates,  if  no^.J?' 
equal  thickness,  will  diminish  in  thickness  from  the 
angles  out. 

105.  No  bend  vrill  be  allowed  in  the  flangre  of  abT 
Kirder  at  a  section  where  stress  occurs,  unless  the  flange 
is  fully  reinforced  by  straight  pieces  for  the  full  stress 
in  the  bent  parts. 
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106.  Tke  nnsapported  lenstk  of  the  top  llaiifpe«  of 
■trlBsrers  will  be  not  more  than  16  times  the  width  of 
flangre  \ehere  only  ties  are  used,  with  no  solid  floor  cov- 
ering-. 

107.  Cross  frames  will  be  used  in  deck  plate  slrder 
spans  about  every  15  feet.  In  through  girder  spans 
floorbeams  will  be  spaced  about  every  15  ft.  Pony  trusses 
and  through  plate  girders  will  be  stayed  by  knee  braces 
or  gusset  plates,  at  ends  of  span  and  at  each  floorbeam 
or  transverse  strut. 

108.  Trass  plas  will  be  placed  In  tke  center  of  irravlty 
of  the  sections  of  all  members;  or  if  more  than  one  pin 
is  used  at  a  panel  point  the  neutral  axes  of  all  members 
must  intersect  in  a  common  point.  Riveted  truss  mem- 
bers will  be  made  with  their  neutral  axes  intersecting 
in  common  points,  or  else  provision  must  be  made  to 
resist  the  resulting  bending  moments.  In  sidewalk 
brackets  and  in  riveted  trusses  the  applied  vertical  loads 
will  be  placed  at  intersections  of  web  members  with 
chords. 

109.  In  built  sections  plates  will  preferably  not  exceed 
40  times  tkeir  tklckness  between  centers  of  longitudinal 
rivet  lines,  (preferably  not  over  32  times).  "Where  it  is 
found  expedient  to  exceed  this  width,  the  excess  in 
width  of  plate  will  be  counted  out  of  the  area  of  the 
section,  but  not  neglected  in  finding  the  center  of  gravity. 

110.  The  net  section  of  an  angle  or  plate  In  any  zlgr- 
«agr  line  across  the  piece,  connecting  rivet  holes,  must 
not   be    less   than   that   required   in   a   transverse   section. 

111.  The  area  In  compression  or  tension  In  a  member 
composed  of  a  singrle  angrlc.  whether  connected  by  one  or 
both  flanges,  will  be  considered  as  the  product  of  one 
flange  (the  longer  In  case  of  unequal  leg  angles)  by  the 
thickness  of  metal. 

112.  Outdoor  structures  will  be  so  designed  that  all 
parts  are  accessible  for  Inspection,  cleaning:  and  palntlngr. 
No  closed  sections  will  be  allowed  in  any  exposed  steel 
Work. 

113.  Ornamental  bandralllnss  will  be  substantial  In 
design  and  weigh  25  lbs.  per  foot,  with  a  top  rail  and 
braces  capable  of  resisting  a  horizontal  force  of  60  lbs. 
per  lineal  foot  and  having  Intermediate  stays  securing 
the  bottom  angle  to  the  floor.  The  height  from  floor  to 
top  of  rail  will  be  about  3'  6". 

114.  Top  struts  In  truss  spans  will  generally  be  made 
of  four  angles  laced  vertically. 

115.  Tower  girders  In  viaducts  will  be  securely 
attached  at  each  end  to  the  tops  of  tower  posts,  and 
provision  will  be  made  for  expansion  at  one  end  of  Inter- 
mediate spans.  A  single  bent  may  be  used  between  towers, 
where  spans  are  not  over  60  ft.  and  on  the  top  of  this 
bent  both  girders  will  be  securely  attached,  expansion 
being  allowed  In  the  rocking  of  the  bent.  The  bent  will 
preferably  be  square  ended,  and  not  pin  ended,  for  spans 
up  to  60  ft.,  except  In  the  case  where  posts  are  short. 
For  longer  spans  a  rocker  bent  will  be  used. 

DETAILS. 

116.  Details  will  be  proportioned  for  the  maximum 
•tress  in  the  members. 

117.  The  diameter  of  rivets  will  ordinarily  be  %"  or 
%".  Details  will  be  made  so  as  to  facilitate  machine  drlv- 
i'ig  wherever  possible.  Field  riveting  will  be  reduced  to 
a  minimum  and  entirely  avoided  where  possible.  The 
elective  diameter  of  a  driven  rivet  will  be  assumed  the 
same  as  its  diameter  before  driving. 
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118.  The  pitch  o£  rivets  will,  in  g^eneral,  not  exceed 
six  inches.  It  will  be  not  less  than  three  diameters  of 
the  rivet  nor  more  than  sixteen  times  the  thickness  of 
the  thinnest  outside  metal  Joined.  At  the  ends  of  built 
compression  members  the  pitch  will  be  four  rivet  diame- 
ters for  a  length  equal  to  twice  the  total  width  of  mem- 
ber. In  built  stringers  or  girders  taking  ties  the  pitch  of 
rivets  connecting  flange  angles  to  web  will  not  exceed 
four  inches. 

119.  The  vrip  o£  rivets  will  not  exceed  five  times  their 
diameter. 

120.  In  deck  plate  girder  spans  having  cover  plates 
and  6  inch  horizontal  flanges  in  the  angles  a  single  row 
of  rivets  may  be  used  in  the  horizontal  flange  of  angle, 
provided  the  rivets  are  %  inches  in  diameter  and  not 
over  4  inches  apart.  Similarly  a  single  row  of  rivets  may 
be  used  in  8  inch  angles,  provided  the  rivets  are  one  inch 
in  diameter  and  not  over  4%  inches  apart. 

121.  The  distance  between  the  center  line  of  the  out- 
side row  of  rivets  in  cover  plates  and  the  edgre  of  plate 
will  not  exceed  Ave  inches  nor  eight  times  the  thickness 
of  the  outside  plate. 

122.  Where  practicable,  the  distance  from  edge  of  any 
piece  to  center  of  rivet  will  be  not  less  than  two  diame- 
ters of  the  rivets.  The  minimum  allowed  distance  will  be 
one  and  one-half  diameters. 

123.  Rivets  in  the  opposite  flanges  of  tension  angles 
will  be  stagrgreredt  except  in  angles  taking  more  than  two 
rows  of  rivets. 

124.  The  shearing  or  bearing  value  of  countersunk 
rivets  in  plates  %"  thick  and  over  will  be  taken  as  one- 
half  the  full  value.  Countersunk  rivets  in  plates  less 
than  %"  thick  will  not  be  considered  as  taking  any  of  the 
stress. 

125.  Tension  on  rivet  keads  will  be  allowed  only  when 
the  connection  is  symmetrical  and  contains  at  least  four 
rivets.  The  bending  at  the  heel  of  connection  angle  must 
be  considered  as  well  as  the  bending  on  the  part  to  which 
the  detail  is  attached.  When  %"  rivets  are  used,  the  con- 
nection angle  should  be  %"  metal  and  the  gage  of  rivets 
2".  With  %"  rivets  use  %"  angles  and  1%"  gage,  and 
with  %"  rivets  use  7-16"  angles  and  1%"  gage.  Addi- 
tional rivets  must  be  provided  to  take  any  shear  coming 
upon  the  same  connection. 

126.  Rivets  carrying  calculated  strain  and  whose 
l^rip  exceeds  four  diameters  will  be  increased  in  number 
at  least  one  per  cent,  for  each  additional   1-16"  of  grip. 

127.  No  pin  plates  or  tie  plate  less  than  5-16"  thick 
will  be  used. 

128.  Pin  plates  will  have  rivets  enough  to  take  their 
share  of  the  bearing  on  the  pin  and  to  overcome  the 
effect  of  any  eccentric  application  of  the  stress.  At 
the  ends  of  compression  chords  at  least  one  pair  of  pin 
plates  will  extend  back  not  less  than  six  inches  beyond 
the  edge  of  tie  plate.  ^,, 

129.  Chord  members  that  are  cut  off  at  the  pin  wiii. 
have  full  bearing:  on  the  pin,  or  the  pin  bearing  may 
be  supplemented  by  a  riveted  splice  in  the  web  plates 
or  top  plates,  if  the  latter  are  in  the  same  plane:  no 
dependence  will  be  placed  on  abutting  ends  In  conjunc- 
tion with  pin  bearing,  nor  on  bent  splice  plates. 

130.  When  the  full  section  of  a  compression  member 
is  spliced)  the  ends  will  be  planed  true  and  splicing 
pieces   used,   on   all   sides,   of  sufficient  number  and  site 
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to  hold  all  parts  truly  in  position.  When  only  part  of 
the  section  of  a  compression  member  is  spliced,  the  ends 
will  be  milled  or  chipped  true  and  fully  spliced  with 
rivets  to  take  the  share  of  the  stress  coming:  on  the 
part  spliced,  no  dependence  being:  placed  on  the  abutting: 
surfaces. 

131.  Joints  In  riveted  tenalon  member*  will  be  fully 
and  symmetrically  aplleed. 

132.  Where  •plice  plates  are  not  in  direct  contact 
with  the  part  wnich  they  connect,  rivets  will  be  used 
on  each  side  of  the  joints  in  excess  of  the  number 
theoretically  required  to  the  extent  of  one-third  of  the 
number  for  each  intervening  plate. 

133.  When  a  beam  or  g:irder  is  sapported  on  m 
bracket  and  has  in  addition  a  web  connection,  either 
the  supporting:  bracket  alone  or  the  web  connection  alone 
will  be  made  capable  of  carrying:  the  full  reaction. 

134.  EInd  connection  angles  of  railroad  and  trolley 
bridge  strlng:ers  and  floorbeams  will  be  made  of  metal 
not  less  than  7-16''  thick.  If  ang:les  are  to  be  faced 
use  at  least  9-16''  metal. 

135.  The  spactng:  of  riveta  connectlniT  slrder  flanges 
with  welMi  will  be  found  as  follows: 

Find  the  maximum  shear  in  the  g:irder  at  the  Section 
considered  and  divide  this  by  the  effective  depth  of  the 
girder  in  feet  (not  the  distance  between  rivet  lines); 
provide  rivets  enoug:h  in  a  foot  along  the  flange  to  take 
this  shear  per  foot.  When  there  is  a  running  load  on 
the  flange  as  the  weight  of  ties,  and  their  live  load,  find 
the  amount  of  this  per  foot  and  combine  with  the  shear 
per  foot  found  above,  by  taking  the  square  root  of  the 
sum  of  the  squares.  Provide  enough  rivets  in  a  foot  to 
take  this  combined  load  per  foot  from  flange  angles  into 
web.  Assume  a  wheel  load  distributed  over  3.5  feet 
of  flange  in  railroad  or   trolley   bridges. 

136.  All  pin  bearing:  compression  members  will  be 
extended  at  least  2V6"  beyond  the  pin  to  provide  against 
displacement  by  an  external   force. 

137.  The  segrments  composing  posts  and  struts  will 
be  of  one  leng:thy  without  break,  up  to  the  limits  of 
lengths  rolled. 

138.  Tie  plates  will  be  of  a  thickness  not  less  than 
1-50  of  the  distance  between  rivet  lines  unless  stiffened 
with  angles,  when  the  minimum  thickness  will  be  5-16". 
Tie  plates  at  hinged  points  will  be  nearly  square,  and 
those  at  flxed  points  will  be  12  or  15  inches  long  in  the 
direction  of  member. 

139.  The  open  sides  of  all  compression  members  must 
be  latticed.  The  angle  of  lace  or  lattice  bars  with  center 
line  of  member  will  be  about  45°  for  double  lacing  and 
about  60*^  for  single  lacing.  The  thickness  of  single  bars 
will  be  not  less  than  1-40,  and  of  double  bars  not  less 
than  1-60  of  the  distance  center  to  center  of  end  rivets. 
Intersecting  bars  will  be  riveted  at  their  Intersections. 
The  width   of  bar  will  be  as  follows: 

For  channels     7"  deep   and    under 1%" 

For  channels     8"  to    11"   deep 2" 

For  channels  12"  to    14"    deep 2%" 

For  channels  15"  and    upwards 2%" 

The  distance  between  connections  of, lattice  bars  will 
not  exceed  six  times  the  least  width  of  the  segments 
connected. 

In  lateral  struts  lace  bars  may  be  a  thickness  1-60 
'Of  the  distance  between  end  rivets  for  single  lacing  and 
1-80  for  double  lacing. 
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140.  In  special  cases  for  deep  members  angle  bars 
may  be  preferred  to  flat  bars  for  lacing.  In  any  case 
the  lacing  system  will  be  made  capable  of  taking  a  trans- 
verse shear  equal  to  one  per  cent,  of  the  maximum  axial 
stress  in  the  member. 

141.  Cuttlns  the  flangres  at  the  ends  of  compression 
members  will  be  avoided  as  far  as  possible;  but  when 
this  is  done  the  section  will  be  fully  reinforced. 

142.  The  net  section  of  a  riveted  tension  member 
through  the  end  pin  hole  will  be  50  per  cent,  in  excess 
of  the  net  area  required  in  the  body  of  the  member.  The 
net  section  outside  of  the  pin  hole  along  the  center  line 
of  stress  will  be  at  least  equal  to  the  net  area  required 
in   the   body   of   the   member. 

143.  The  heads  of  eye  bars  will  not  be  inferior  in 
strength  to  the  body  of  the  bar,  the  excess  area  of  the 
section  through  pin  hole  being  at  least  33  per  cent,  of  the 
area  of  the  body  of  the  bars. 

144.  The  area  at  root  of  threads  in  the  upset  ends  of 
rods  will  be  greater  than  the  area  of  the  rods  by  at  least 
10  per  cent,  in  steel  rods  and  17  per  cent,  in  wrought  iron 
rods. 

145.  No  pin  will  be  of  less  dlanteter  than  three-fourths 
of  the  width  of  the  widest  bar  attached. 

146.  Pins  iTlli  be  longr  enough  to  insure  a  full  bear- 
ing of  all  of  the  parts  connected  upon  the  turned  body 
of  the  pin.  They  will  be  secured  by  chambered  nuts  or 
be  provided  with  washers  if  solid  nuts  are  used.  The 
screw  ends  will  be  long  enough  to  admit  of  burring  the 
threads. 

147.  The  several  members  attached  to  a  pin  will  be 
packed  as  closely  as  possible.  Two  eyebars  in  the  same 
member,  however,  will  not  be  placed  in  contact  but  will 
be  separated  by   %"  filling  rings,  to  allow  painting. 

148.  Open  die-forgred  tarn  buckles  will  be  used  for 
adjustment  in  out-door  construction. 

149.  In  lateral  struts  connected  to  the  pin  with  a 
U-plate  no  allowance  will  be  made  for  transmitting  any 
stress  by  means  of  the  U-plate,  but  the  end  of  member 
must   be   milled   to   fit  close   against   the   plate. 

150.  Bed  plates  will  be  of  such  thickness  as  to  in- 
sure a  uniform  distribution  of  the  Imposed  load  upon  the 
masonry. 

151.  All  girders,  trusses,  or  viaduct  posts  will  be  se- 
curely anchored  asralnst  horizontal  motion  or  uplift;  ex- 
cepting at  expansion  ends,  where  horizontal  motion  in 
one  direction  only  will  be  allowed.  Wherever  there  is 
a  calculable  uplift,  the  anchorage  will  take  hold  of  a 
weight  of  masonry  equal  to  50  per  cent,  more  than  the 
net  amount  of  this  uplift.  In  all  other  cases  anchor  bolts 
will  extend  not  less  than  12  inches  into  the  masonry. 

152.  For  out-door  work  web  plates  of  griders  having 
no  cover  plates  will  be  flush  on  top  with  backs  of  angles, 
and  a  note  on  the  detail  drawing  to  this  effect  will  be 
given.  In  all  other  work  web  plates  may  be  set  back 
a  distance  not  exceeding  %  inch  from  backs  of  angles. 

153.  At  web  splices  not  more  than  %  inch  clearance 
will  be  allowed. 

154.  Camber  In  plate  girders,  when  needed,  will  be 
made  up  in  a  larger  rivet  space  in  top  flange  at  web 
splices.  Camber  in  trusses  will  be  made  up.  In  general 
by  increasing  the  figured  length  of  the  top  chord  about 
one  part  in  one  thousand.  Deck  grider  spans  will  be 
made    without    camber    when    the    web    plate    is    in   one 
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piece  without  splice. 

155.  Pockets  or  depressions  which  would  hold  water 
will  have  drain  kole*  or  be  filled  with  acceptable  water- 
proof material. 

156.  Bridgres  on  an  Inellaed  grrade  without  pin  shoes 
will  have  the  sole  plates  beveled  so  that  the  supports 
will  be  level. 

157.  Where  transportation  facilities  permit,  deck 
plate  girder  spans,  not  over  75  ft.  in  lengrth  will  be  riveted 
np  complete  in  the  shops. 

158.  Cast  shoes  must  be  planed  on  top.  They  will 
preferably  be  left  rough  on  the  bottom  surface  and  raised 
an  inch  or  two  above  the  surrounding  masonry  and 
grouted  through  holes  in  the  bottom  plate  of  the  shoe 
left  for  the  purpose.  Cellular  cast  shoes  will  have  a 
continuous  bottom  plate  if  resting  on  masonry,  and  a 
note  on  the  erection  diagram  will  be  given  calling  for 
the  cells  to  be  filled   with   concrete. 

159.  In  any  panel  of  a  truss  or  tower  where  eyebars 
are  used  diaieronally  in  both  directions,  as  in  the  middle 
panel  of  a  truss  span,  the  bars  in  one  diagonal  direction 
will  be  made  adjustable.  In  the  case  of  heavy  bars  not 
suitable  for  adjustable  members  all  diagonal  bars  may 
be  shortened  by  %  inch  for  each  50  ft.  of  their  length 
plus  1-32  inch,  if  this  shortening  does  not  interfere  with 
erection.  The  purpose  of  the  shortening  of  bars  is  to 
take  up  the  buckle  that  would  be  in  bars  of  the  neat 
length. 

160.  The  elevation  of  outer  rail  in  girder  spans  will 
preferably  be  made  by  tilting  the  span.  Ties  may  be 
notched  so  as  to  present  a  plane  surface  for  the  rails, 
except  where  two  spans  are  adjacent  when  the  depth 
of  notch  will  be  adjusted  so  as  not  to  cause  a  dip  In 
track  between  the  middle  points  of  the  adjacent  spans. 

SHOP  AND  ERECTION  REQUIREMENTS. 

161.  The  wornmanship  and  finish  will  be  equal  to  the 
best  practice  in  modern  bridge  works. 

162.  Material  will  be  made  straight  in  the  shop,  by 
methods  that  will  not  injure  it,  before  being  laid  off  or 
Worked  in  any  way;  also  after  being  punched,  when 
punching  causes  the  pieces  to  be  curved. 

163.  Shearingr  will  be  neatly  and  accurately  done  and 
all  portions  of  the  work  exposed  to  view  neatly  finished. 
u  necessary  hammer  dressing  must  be  resorted  to  to 
jnake  plates  flat  and  smooth  near  the  edges.  Project- 
ing web  plates  will  be  chipped  flush  with  angles,  unless 
the  projection  is  shown  on  plans. 

164.  Punchingr  will  be  accurately  done.  Slight  in- 
accuracy in  the  matching  of  punched  holes  may  be  cor- 
rected with  reamers.  Drifting  to  enlarge  unfair  holes 
^111  not  be  allowed.  Poor  matching  of  holes  will  be 
cause  for  rejection  at  the  option  of  the  inspector. 

165.  In  punched  work  the  diameter  of  the  punch  will 
be  1-16  inch  larger  than  the  diameter  of  the  rivet  and 
tnat  of  the  die  1-16  inch  larger  than  that  of  the  punch. 

166.  Reaming  may  be  done  by  tapered  reamers  or 
by  straight  twist  drills;  the  holes  when  finished  will  be 
Jjue  and  perpendicular  to  the  surface  of  metal.  Burrs 
that  may  be  left  around  the  edge  of  holes  will  be  re- 
moved by  hand  with  a  countersunk  tool. 

167.  Pin  holes  will  be  bored  and  not  punched. 

168.  The  semi-intrados  of  loop  eyes  must  be  reamed. 

169.  All  bends  will  be  made  cold)  or,  if  the  degree  of 
bend  is  so  great  as  to  require  heating,  the  whole  piece 
"fiust   be   subsequently   annealed. 
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170.  Riveted  members  will  have  all  parts  well  pinned 
vp  and  firmly  drawn  together  with  bolts  before  riveting 
Is  commenced.  Contact  surtaces  must  be  given  a  good 
coat  of  paint  before  assembling  the  parts. 

171.  Rivets  will  be  driven  wherever  possible,  with 
power  riveters  capable  of  holding  on  to  the  rivet  after 
the  upsetting  is  complete.  The  pressure  must  not  be 
Immediately  released  aTter  the  rivet  is  upset.  Pneu- 
matic hammers  will  be  used  in  preference  to  hand  driv- 
ing. 

172.  In  keatlnc  rivets  the  entire  rivet  must  be 
brought  to  a  uniform  heat.  The  heating  of  the  points  of 
rivets  more  than  the  remainder  will  not  be  permitted. 
Any  rivets  which  throw  off  sparks  when  taken  from  the 
furnace  or  forge  will  not  be  used. 

173.  Rivets  will  look  neat  and  finished,  with  heads 
of  approved  shape,  full  and  of  equal  size.  They  will 
be  central  on  shank  and  grip  the  assembled  pieces  firmly. 
Re-cupping  and  calking  will  not  be  allowed.  Loose, 
burned  or  otherwise  defective  rivets  will  be  cut  out  and 
replaced.  In  cutting  out  rivets  care  will  be  taken  not 
to  injure  the  metal  around  the  holes.  If  necessary  they 
will  be  drilled  out. 

174.  Wherever  It  is  found  necessary  to  use  bolts  in 
holes  intended  for  rivets,  where  shear  is  to  be  transmitted, 
the  holes  will  be  reamed  and  the  bolts  turned  to  a  drl>in«? 
lit.  A  washer  not  less  than  ^  inch  thick  will  be  used 
under  nut. 

175.  Lattice  bars  will  have  neatly  rounded  ends,  un- 
less otherwise  called  for. 

176.  Crimped  stiffeners  will  fit  neatly  between  fianges 
of  girders.  All  straight  stiffeners  will  be  tight  fitting 
and  will  be  planed  or  ground  on  the  ends. 

177.  The  several  pieces  forming  one  built  member 
will  be  straight  and  fit  closely  together,  and  finished 
members  will  be  free  from  twists,  bends  or  open  Joints. 

178.  Abutting  joints  will  be  cut  or  dressed  true  and 
straight  and  fitted  close  together  especially  when  open 
to  view.  In  compression  joints  depending  on  contact 
bearing  the  surfaces  will  be  truly  faced,  so  as  to  have 
even  bearings  after  they  are  riveted  up  complete  and 
when  perfectly  aligned. 

179.  Eyebars  will  be  straight  and  true  to  size  and 
free  from  twists^  .folds  in  the  neck  or  head,  or  any  other 
defect.  Heads  will  be  made  by  upsetting.  No  welding 
will  be  allowed.  The  thickness  of  head  and  neck  will 
not  vary  more  than  1-16  inch  from  the  thickness  of  the 
bar. 

180.  Before  boring  each  eyebar  will  be  properly  a»- 
nealed  and  carefully  straightened.  Pin  holes  will  be  In 
the  center  line  of  bars  and  in  the  center  of  heads.  Bars 
of  the  same  length  will  be  bored  at  the  same  tempera- 
ture and  with  holes  located  so  accurately  that,  when 
placed  together,  pins  1-32  inch  smaller  in  diameter  than 
the  pin  holes  can  be  passed  through  the  holes  at  both 
ends  of  the  bars  at  the  same  time. 

181.  Pin  holes  will  be  bored  true  to  iraareM,  smooth 
and  straight;  at  right  angles  to  the  axis  of  member,  and 
parallel  to  each  other,  unless  otherwise  called  for. 
Wherever  possible  the  boring  will  be  done  after  mem- 
bers are  riveted  up. 
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182.  The  distance  center  to  center  of  pin  holes  will 
be  correct  within  1-32  inch,  and  the  diameter  of  the  hole 
not  more  than  1-50  Inch  larger  than  that  of  the  pin,  for 
pins  up  to  5  inches  diameter,  and  1-32  inch  for  larger 
pins. 

183.  Pins  and  rollers  will  be  accarately  tamed  to 
gages  and  will  be  straight  and  smooth  and  entirely  free 
from  flaws. 

184.  Screw  threads  will  make  tight  fits  in  the  nuts 
and  will  be  United  States  standard,  except  at  ends  of 
pins  and  for  bolts  over  1%  inches  in  diameter  for  which 
six  threads  per  inch  will  be  used. 

185.  Steely  except  in  minor  details,  which  has  been 
partially  heated  will  be  annealed  by  bringing  the 
entire  piece  to  a  uniform  bright  red  heat  and  al- 
lowing to  cool  slowly  in  the  furnace  or  buried  in  a  suit- 
able non-conducting  material.  Crimped  stiffeners  need 
not  be  annealed.     Upset  rods  must  be  annealed. 

186.  All  steel  castings  will  be  annealed. 

187.  Welds  In  steel,  except  to  form  loops  on  small 
rods    will  not  be  allowed. 

188.  Hammer  dressed  plates  will  be  brought  to  a 
true  plane  and  made  quite  smooth  by  hammering,  while 
hot,  on  a  broad  anvil  or  by  hydraulic  pressure. 

189.  In  planlnsr  sliding  plates  the  cut  of  the  planing 
tool  will  correspond  with  the  direction  of  the  motion. 

190.  Unless  the  drawings  state  otherwise,  the  bot- 
tom edgres  of  the  webs  of  shoes  or  bolsters  and  the  ends 
of  columns  will  be  milled  true  before  the  base  plate  or 
cap  plate  is  riveted  on.  This  milling  will  be  done  after 
the  connection  angles  and  side  plates  are  riveted  on. 

191.  All  pieces  will  be  welgrhed  and  a  record  kept  of 
the  weights.  Large  pieces  will  be  weighed  separately, 
and  Invoices  will  be  so  made  that  all  weights  can  be 
checked  by  estimating  from  the  detail  drawings. 

192.  Where  field  compression  splices  are  to  be  made. 
the  parts  will  be  allowed  to  come  together  to  a  firm 
bearing  before  rivet  holes  are  reamed  or  rivets  driven. 
In  general  compression  splices  should  be  bolted  and  not 
riveted,  until  the  members  receive  stress  by  removal  of 
the  false  work. 

193.  During  erection  the  structure  must  be  well 
braced.  If  the  structure  is  one  having  permanent  steel 
bracing,  enough  of  the  braces  must  be  put  in  as  the  work 
progress  to  insure  stability.  If  dependence  is  placed  on 
walls,  floors  or  other  means  apart  from  the  steel  work 
to  brace  the  structure,  temporary  braces  must  be  em- 
ployed during  erection. 

194. .  Erection  travelers  or  grantrles  must  be  irell  and 
tliorongrlily  braced. 

PAINTING. 

195.  In  riveted  work  the  surfaces  coming  in  contact 
will  each  be  painted  before  being  assembled. 

196.  Steel  work,  before  leaving  the  shop,  will  be 
thoroughly  cleaned  and  given  one  good  coat  of  paint 
Well  worked  Into  all  joints  and  open  spaces. 

197.  Pieces  and  parts  which  are  not  accessible  for 
painting  after  erection,  including  tops  of  stringers,  eye- 
bar  heads,  ends  of  posts  and  chords,  etc.,  will  have  an 
additional  coat  of  paint  before  leaving  the  shop. 

198.  The  kind  of  paint  to  be  used  will  be  a  standard 
paint  especially  made  for  steel  work  brought  to  the 
Work  In  original  packages.  It  will  not  be  treated  with 
any  thinners  or  driers. 
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199.  Painting  will  be  done  only  when  the  surface 
of  the  metal  is  perfectly  dry.  It  will  not  be  done  in 
wet  or  freezing:  weather  unless  protected  under  cover. 

200.  After  erection  the  work  will  be  cleaned  of  all 
loose  paint  or  dirt  and  given  one  or  two  coats  of  paint 
as  directed  by  the  purchaser. 

201.  Pins  and  bolts  and  sliding  plates  will  be  coated 
with  a  mixture  of  white  lead  and  tallow. 

INSPECTION. 
202.  The  manufacturer  will  furnish  all  facilities  for 
inspecting  and  testing  the  weight  and  quality  of  work- 
manship at  the  mills  and  shops  where  material  is  manu- 
factured. He  will  furnish  the  means  and  labor  for  mak- 
ing all  of  the  tests  required. 

203.  The  inspector  representing  the  purchaser  will 
have  full  access  at  all  times  to  all  parts  of  the  shop  or 
mills  where  material  under  his  inspection  is  being  manu- 
factured. 

204.  The  Inspector  will  stamp  the  finished  pieces 
with  a  private  mark.  Any  piece  not  so  marked  may  be 
rejected  at  any  time,  and  at  any  stage  of  the  work.  If 
the  inspector,  through  an  oversight  or  otherwise,  has 
accepted  material  or  work  which  is  defective  or  con- 
trary to  the  specifications,  this  material,  no  matter  in 
what  stage  of  completion,  may  be  rejected  by  the  pur- 
chaser 

QUALITY   OP  MATERIAL. 

205.  Steel  will  be  of  three  grades,  structural  steel, 
medium  steel,  and  rivet  steel. 

206.  Steel  made  by  the  Basic  Open  Hearth  process 
will  contain  not  more  than  0.04  per  cent,  of  phosphorus, 
by  the  Acid  Open  Hearth  process  not  more  than  0.08  per 
cent,  and  by  the  Bessemer  Process  not  moreHhan  0.10  per 
cent.  The  minimum  sulphur  content  will  be  0.05  per 
cent.,  except  in  rivet  steel,  where  it  will  be  0.04  per  cent. 

207.  Structural  steel  will  have  an  ultimate  strength 
of  between  55,000  and  65,000  pounds  per  square  inch,  an 
elastic  limit  not  less  than  half  the  ultimate  strength, 
and  an  elongation  in  8  inches  of  not  less  than  24  per 
cent.  It  will  stand  cold  and  quench  bend  tests,  180"  flat, 
without  fracture. 

208.  Medium  steel  will  have  an  ultimate  strength  of 
between  60,000  and  70,000  pounds  per  square  inch  an 
elastic  limit  not  less  than  half  the  ultimate  strength, 
and  an  elongation  in  8  inches  of  not  less  than  22  per 
cent.  It  will  stand  cold  and  quench  bend  tests,  180° 
around  a  curve  whose  diameter  is  equal  to  the  thickness 
of  the  piece  tested  without  fracture.  For  forgings  the 
elongation  may  be  measured  in  two  Inches:  it  should  be 
not  less  than  25  per  cent. 

209.  Rivet  steel  will  have  an  ultimate  strength  of 
between  48,000  and  56,000  pounds  per  square  inch,  an 
elastic  limit  not  less  than  half  the  ultimate  strength  and 
an  elongation  in  8  inches  of  not  less  than  26  per  cent. 
It  will  stand  cold  and  quench  bend  tests,  180''  fiat  with- 
out fracture.  When  nicked  and  bent  around  a  bar  of 
the  same  diameter  as  the  rivet  rod,  it  will  give  a  gradual 
break  and  a  fine,  silky  uniform  fracture. 

210.  In  the  quench  bend  test  steel  will  be  heated  to 
a  cherry  red  as  seen  In  the  dark,  and  quenched  in  water 
at  ordinary  temperature,  before  bending. 

211.  Test  pieces  will  be  prepared  so  that  the  area  or 
cross-section  can  be  accurately  measured.     This  area  will 
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in  general  be  not  less  than  one-half  a  square  inch.  Speci- 
mens will  be  cut  from  pieces  rolled  for  the  order  and  not 
from  pieces  rolled  especially  for  tests. 

212.  Material  which  is  to  be  used  without  annealing^ 
or  further  treatment  will  be  tested  in  the  condition  in 
which  it  comes  from  the  rolls.  When  material  is  to  be 
annealed  or  otherwise  treated  before  use,  the  specimen 
representing:  such  material  will  be  similarly  treated  be- 
^re  testing:.  Annealed  specimens  from  forged  pieces 
will  show  tensile  streng^th  within  the  limits  for  medium 
steel. 

213.  At  least  one  tensile  test  and  one  bending:  test 
will  be  made  from  each  melt  of  steel.  In  case  steel 
differing  %  inch  and  more  in  thickness  is  rolled  from 
one  melt  a  test  will  be  made  from  the  thinnest  and  thick- 
est metal  rolled. 

214.  For  the  purpose  of  this  specification  the  elastic 
limit  will  be  determined  by  the  careful  observation  of 
the  drop  of  beam  or  halt  in  the  ga.ge  of  the  testing:  ma- 
chine, and  will  be  subject  to  check  by  direct  instrumental 
measurement  with  the  dividers. 

215.  When  material  is  one  inch  thick  and  over  the  re- 
quired bend  test  may  be  made  around  a  pin  the  diameter 
of  which  is  equal  to  twice  the  thickness  of  the  metal 
for  structural  steel  and  medium  steel. 

216.  The  inspector,  in  order  to  satisfy  himself  of  the 
fitness  of  material  for  the  purposes  intended,  may  order 
the  following:  tests,  at  the  expense  of  the  manufacturer: 

HAMMER  TEST. — Rivet  steel  will  be  placed  under  the 
hammer  and  flattened  out  to  one-third  its  orig:inal  thick- 
ness without  flaying  or  cracking. 

BEND  TEST  ON  ANGLES.— Angles  %  inch  and  less  in 
thickness  will  open  flat  and  angles  %"  and  less  in  thick- 
ness will  bend  shut,  cold,  under  blows  of  a  hammer,  with- 
out sign  of  fracture. 

DRIFT  TEST. — A  punched  hole  spaced  two  diameters 
from  the  rolled  or  sheared  edge  of  the  specimen  to  Its 
center,  will  stand  drifting  till  its  diameter  is  enlarged 
50%  without  fracture  in  the  periphery  of  the  hole  or  edge 
of  specimen. 

217.  Finished  material  will  be  free  from  injurious 
seams,  flaws,  cracks,  defective  edges,  or  other  defects, 
^nd  have  a  smooth,  uniform  workmanlike  finish. 

218.  A  variation  in  cross-section  or  weight  of  each 
piece  of  steel  of  more  than  2%%  from  that  specified  will 
"6  sufficient  cause  for  rejection,  except  iri  case  of  sheared 
plates,  which  will  be  covered  by  the  following  permissible 
Variations,  which  are  to  apply  to  single  plates. 

.  Plates  ordered  to  weight,  12^  lbs.  per  sq.  ft.  or  heav- 
ier, up  to  one  hundred  inches  wide,  2^^%  above  or  below 
prescribed  weight;  one  hundred  inches  wide  and  over, 
^%  above  or  below. 

Plates  ordered  to  weight,  under  12 14  Ihs.,  per  sq.  ft. 
"P  to  75  inches  wide,  2V^%  above  or  below:  75  inches  and 
up  to  100  inches  wide,  5%  above  or3%  below;  100  inches 
^ide  and    over,    10%   above    or    3%  below. 

219.  Plates  will  be  accepted  if  they  measure  not  more 
^han  .01  inch  below  the  ordered  thickness. 

220.  In  plates  ordered  to  gage  an  excess  over  the 
•Nominal  weight,  corresponding  to  the  dimensions  on  the 
order,  will  be  allowed  for  each  plate,  if  not  more  than 
^t^at  shown  in  the  following  tables,  one  cubic  inch  of 
•"Oiled  steel  being  assumed  to  weigh  0.2833  lbs. 
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PLATES  K  INCH  AND   OVER  IN  THICKNESS 
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CAST  IRON. 

221.  Except  when  chilled  iron  is  specified,  all  iron 
castings  will  be  of  tough  gray  iron,  free  from  injuri- 
ous cold-shuts  or  blow  holes,  true  to  pattern  and  of  work- 
manlike finish.  A  sample  piece  of  one  inch  square,  case 
from  the  same  heat  of  metal  in  sand  molds,  will  be  cap- 
able of  sustaining,  on  a  clear  span  of  4  ft.  8  in.,  a  central 
load  of  500  lbs.  when  tested  in  the  rough  bar;  or  a  cen- 
tral load  of  2,400  lbs.  on  a  clear  span  of  12  inches;  or  a 
similarly  cast  piece  1^4  iu.  round  will  stand  a  central 
load  of  2,800  pounds  on  a  clear  span  of  12  inches.  A  blow 
from  a  hammer  will  produce  an  indentation  on  a  rec- 
tangular edge  without  flaking  the  metal. 

CAST  STEEL.. 

222.  Steel  castings  will  be  made  from  open  hearth 
steel  containing  not  more  than  0.05%  of  phosphorus 
in  Basic  Steel  or  0.08%  in  Acid  Steel,  and  not  more 
than  0.05%  of  sulphur.  The  ultimate  strength  in  tensile 
tests  will  be  not  less  than  65,000  lbs.  per  sq.  in|  and  the 
elongation  in  2  inches  not  less  than  18%.  A  specimen 
planed  parallel  will  be  capable  of  being  bent  90"  around 
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a  curve,  the  radius  of  which  is  equal  to  the  thickness 
of  the  specimen,  without  fracture.  Specimens  for  testing 
will  be  talcen  from  coupons  cast  on  the  piece  and  cut  off 
after  the  annealing:.  The  steel  will  be  uniform  in  char- 
acter, free  from  hard  or  soft  spots,  and  capable  of  being 
properly  tool  finished.  All  steel  castins^s  are  to  be 
annealed. 

IVROUGHT  IRON. 
223.  Wrougrht  Iron  will  have  an  ultimate  tensile 
strength  of  at  least  49,000  lbs.  per  sq.  in.,  an  elastic 
limit  of  at  least  26,000  lbs.  per  sq.  in.,  and  an  elongation 
of  18%  in  8  inches.  A  nick  bend  test  will  show  iron  to 
be  fibrous  and  free  from  crystallization.  The  iron  will 
be  thoroughly  welded,  tough,  ductile,  fibrous  and  of  uni- 
form quality,  free  from  cinder  pockets  or  injurious  flaws, 
blisters,   cracks,   or  imperfect  edges. 

FUL.L.  SIZE  TESTS. 

224.  Full  size  tests  on  eye-bars  will  show  an  ultimate 
tensile  strength  of  at  least  56,000  lbs.  per  sq.  in.  and  an 
elongation  of  15%  in  10  feet.  The  breaking  in  the  head 
of  more  than  one  bar  in  three  of  those  tested  will  be 
cause  for  rejection  of  the  lot.  The  cost  of  full  size  tests 
that  fail  to  meet  the  requirements  will  be  borne  by  the 
manufacturer.  When  the  test  meets  the  requirements, 
the  cost  will  be  borne  by  the  purchaser  and  will  be  an 
amount  sufficient  to  cover  cost  of  material  and  labor 
expended  in  the  manufacture  of  the  eye-bars.  Bars  for 
test  will  be  selected  from  among  those  made  for  the 
order,  and  no  bar  that  is  known  to  be  defective  in  any 
way  will  be  used  for  test. 

MOVABLE    BRIDGES. 

225.  Draw  bridges  and  bascule  bridges  will  be  de- 
signed so  that  all  of  the  parts  will  be  capable  of  sus- 
taining, in  addition  to  the  dead  load,  the  live  load  when 
placed  in  the  position  producing  the  maximum  stress 
in  the  several  parts. 

226.  The  units  ffsed  will  be  the  same  as  those  given 
heretofore,  except  that  when  a  swing  bridge  is  open 
the  dead  load  units  will  not  exceed  two-thirds  of  the 
regular  dead  load  units. 

227.  Swing  bridges  will  preferably  be  of  the  rim- 
bearing  type  having  a  drum  supported  on  rollers.  The 
trusses  will  be  calculated  as  continuous  over  four  points 
of  support.  The  diagonals  in  the  panel  over  the  drum 
will  be  capable  of  taking  a  shear  not  less  than  one  full 
live  load  panel  load. 

228.  Bascule  spans  will  preferably  be  of  the  trunnion 
type  with  counter  weights  rigidly  attached  to  the  girders. 

229.  Simplicity  of  design  and  operation  are  to  be 
aimed  at  as  well  as  rigidity  and  safety. 

230.  Rails  are  to  be  securely  fastened  to  the  bridge 
deck.  No  part  of  the  rail  on  bridge  or  shore  is  to  be 
movable.  Movable  side  pieces  are  admissible  and  de- 
sirable to  reduce  the  jar  at  junction  of  rails,  but  they 
must  be  so  designed  that  failure  to  operate  will  in  no 
wise  affect  the  safety  of  traffic. 

231.  Bridges  will  preferably  be  designed  so  that  they 
require  no  subsequent  operation,  after  they  are  closed, 
to  make  them  fit  for  traffic. 

232.  Wedges  and  end  lifts  are  not  desirable,  unless 
they  are  merely  used  as  safeguards  to  take  the  load 
from  the  rollers,  without  lifting  the  bridge.  End  locks 
to  anchorages  are  preferable,  and  should  b.e  used  instead 
6f  lifts  to  prevent  hammerinpr. 
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233.  The  track  and  center  pivot  of  a  swing  bridge 
will  be  connected  by  a  riveted  spider,  tiie  track  being 
on  the  top  flange  of  a  curved  I  beam  or  built  girder,  ali 
of  sufficient  stiffness  to  maintain  its  shape  while  the 
whole  is  embedded  in  concrete.  This  frame  carrying  the 
track  and  center  pivot  is  to  be  carefully  located  and  made 
perfectly  level,  and  is  then  to  be  bedded  in  rich  concrete 
up  to  about  the  level  of  the  track.  Outside  of  the  track 
the  concrete  is  to  be  suitably  reinforced. 

234.  Counterweights  will  be  of  cast  iron  In  regular 
blocks  securely  bolted  to  the  steel  work,  or  concrete 
confined  in  steel  boxes.  The  balance  of  bascule  spans 
will  be  adjusted  until  there  is  no  tendency  of  the  leaf 
to  rise  or  fall  In  any  position,  with  the  brake  released. 

235.  The  drum  will  be  a  rolled  I  beam  or  a  built 
girder  having  the  lower  flange  planed  to  receive  the 
track.  If  a  built  girder  is  used,  the  web  plate  will  pro- 
ject on  the  bottom  and  be  planed  ofC  so  as  to  bear  on 
the  track. 

236.  The  drum  is  to  be  calculated  for  a  bending 
moment  in  foot-lbs.  of  "W  1  squared  over  ten,"  where 
W  is  the  load  per  foot  on  the  drum  and  1  is  the 
distance  in  feet  between  points  of  bearing.  The  drum 
is  to  be  spliced  in  the  flanges  for  this  bending  moment. 

237.  Steel  rollers  and  steel  upper  and  lower  tracks 
will   be   used   under  the   drum. 

238.  The  rollers  under  drum  will  have  guides  or 
spacers  consisting  of  an  inner  and  an  outer  ring.  Should- 
ered radial  rods,  without  adjustment  will  pass  through 
each  roller. 

239.  On  bascule  spans  the  floor  deck  will  be  bolted  to 
the   steel   work   by   bolts   that   pass   through    the   flanges. 

240.  There  will  be  a  devise  for  locking  the  leaf  of 
a  bascule  span  against  uplift. 

241.  Suitable  safety  gates  will  be  provided  where 
called  for.  ^,^ 

242.  In  railroad  and  trolley  bridges  signals  will  be 
used,  so  arranged  that  the  bridge  cannot  be  opened  with- 
out setting  each  signal  at  the  danger  position,  and  that 
the  signals  cannot  be  set  to  indicate  a  clear  track  until 
the  bridge  is  closed. 

243.  When  machinery  for  operating  by  power  is  re- 
quired, it  will  be  specified,  but  hand  apparatus  will  be 
furnished  whether  or  not  the  bridge  is  equipped  with 
steam,  electric,  or  other  power. 

244.  The  time  required  for  opening  or  closing  a  bridge 
will  generally  be  from  %  to  one  minute. 

245.  All  motions,  where  power  mechanism  is  em- 
ployed, will  be  controlled  from  one  cabin,  so  located  as 
to  afford  the  operator  an  unobstructed  view  of  the  entire 
brido'A  and  approaches.  Indicators  will  be  placed  in  the 
cabin  to  show  accurately  the  position  of  all  lifts  and 
latches.  Double  leaf  bascule  spans  will  have  two  cabins 
and  two  operators. 

246.  The  operating  machinery  will  be  desinged  in  a 
substantial  manner,  all  complicated  and  flimsy  contriv- 
ances being  avoided.  All  parts  will  be  designed  so  that 
they  may  be  easily  erected,  adjusted  and  taken  apart, 
and  they  must  be  accessible  for  inspection,  cleaning,  and 
repairs.  The  fastenings  will  be  such  that  after  all 
machinery  parts  are  properly  set,  lined  up,  and  adjusted, 
they  will  be  permanently  fixed.  Small  tools  and  wrenches 
for  all  bolts,  .oil  cans,  and  necessary  furnishings  will 
be  supplied  by  the  Contractor. 
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247.  There  will  be  a  brake,  normally  set,  but  cap- 
able of  release  by  the  operator. 

248.  Provision  must  be  made  for  the  proper  and 
effective  lubrication  of  all  journals  or  sliding:  parts. 

249.  Disc  or  Journal  bearing^s  will  be  so  proportioned 
that  the  bearing^  area  (projection  of  semi-intrados  for 
journals)  will  receive  a  pressure  not  grreater  than  1,000 
lbs.  per  sq.  in.  when  in  motion  nor  g:reater  than  2,000 
lbs.  per  sq.   in.   when  at   rest. 

250.  In  disc  bearingrs  use  three  discs,  the  upper  and 
lower  of  hard  steel,  and  the  middle  of  phosphor  bronze. 

251.  The  heavy  Journals  and  shafts  will  have  bronze 
bushings.     Ligrhter  journals  will  be  babbitted. 

252.  All  of  the  principal  gears  will  be  of  cast  steel. 

253.  Bearings  for  shafts  4  inches  in  diameter  and 
larger  will  be  of  cast  steel. 

254.  For  calculating  the  strength  of  the  driving 
mechanism  of  a  bascule  bridge  a  wind  load  is  to  be 
assumed  on  the  floor  deck  (taken  as  solid  on  bridges 
with  ties)  of  20  lbs.  per  sq.  ft. 

255.  The  gears  for  the  hand  operating  device  will  be 
capable  of  withstanding  a  force  of  200  lbs.  on  eacli 
end  of  a  twelve  foot  lever. 

256.  The  requirements  for  other  classes  of  steel  work 
will  be  applicable  to  movable  bridges. 

257.  The  following  units,  in  addition  to  those  here- 
tofore griven,  are  to  be  employed. 

Shear  on  shafts  in  torsion,  lbs.  per  sq.  in 12,000 

Shear  on  keys  for  gears,  lbs.  per  sq.  in 12,000 

Load    at    pitch    circle    of    spur    gear,    cast    steel,    not 

shrouded,    (P    =    pitch,    F=    face)     900    I'P 

Load  at  pitch  circle  of  spur  gear,  cast  steel, 

shrouded    1,500  PF 

Load  on  cast  iron  gears,  one-third  of  that  on  steel. 
Load   on  bevel   gears   three-quarters   of   that   on   spur 

gears. 

258.  Phosphor  bronze  will  be  of  the  following  desired 
proportions:  copper,  77.70  per  cent.;  tin,  10.00  per  cent.; 
lead  9.50  per  cent.:  phosphorus,  0.80  per  cent.  It  will 
not  be  acceptable,  if:  tin  is  below  9  per  cent  or  over  11 
per  cent.;  lead  is  below  8  per  cent,  or  over  11  per  cent.; 
Phosphorus  is  below  0.70  per  cent,  or  over  1  per  cent.; 
or  if  the  metal  contains  a  sum  of  other  substances  greater 
than  one  per  cent.  Compression  or  tension  tests  may 
be  required:  the  former  will  show  not  less  than  20.000 
Ihs.  elastic  limit  on  a  one-inch  cube  or  a  permanent  set 
not  over  1/16  in.  under  100,000  lbs.;  the  latter  will  show  at 
least  35,000  lbs.  per  sq.  in.  ultimate  strength. 

259.  All  babbitt  metal  will  be  composed  of  50  parts 
tin,  one  part  copper  and  5  parts  antimony. 


465 


CHAPTER  XXXIII. 
Definitions. 

ABACUS. — ^The  flat  8<}uare  member  on  top  of  a  column. 

ABUTMENT. — In  bndges,  an  abutment  was  originally  a 
part  of  the  structure  from  which  an  arch  springs.  The  term  is 
now  commonly  used  to  denote  the  part  of  a  structure  which  acts 
as  end  pier  and  retaining  wall  for  truss  spans  as  well  as  arch 
spans. 

ANNEAL. — The  process  by  which  cooling  strains  are  removed. 
Metals  or  glass  after  being  heated  are  allowed  to  cool  very  slowly 

AQUEDUCT. — A  conduit  for  the  convevance  of  water,  more 
particularly  applied  to  those  of  considerable  magnitude  intended 
to  supply  cities  with  water  derived  from  a  distance  for  domestic 
purposes,  or  for  conveying  the  water  of  canals  across  rivers  or 
valleys. 

ARCH. — A  form  of  construction  which  supports  loads  by  reason 
of  its  being  curved  upward  and  being  subject  to  lateral  thrust  at 
the  ends  of  its  span,  in  addition  to  vertical  support.  A  curved 
beam  or  slab  is  not  an  arch  if  the  support  be  only  vertical  and 
lacking  of  ability  to  exert  the  lateral  thrust.  The  lateral  thrust 
may  be  supplied  by  tie  rods  under  the  arch,  or  by  abutments  at 
the  supports. 

ARCH  MASONRY.— The  portion  of  the  masonry  in  the 
arch  ring  only,  or  between  the  intrados  and  the  extrados. 

ARRIS. — ^The  meeting  line  of  two  planes.  The  edges  of  a 
solid  having  plane  faces. 

ASHLAR  OR  RANGE  MASONRY.— Stone  work  in  which 
the  stones  are  dressed  to  regular  lines,  fitting  one  another. 
Coursed  ashlar  is  where  the  courses  in  a  wall  or  pier  are  one 
height.  Random  ashlar  is  where  the  stones  are  of  different 
heights  and  not  in  courses.  Ashlar  is  usually  termed  first  class 
masonry. 

BACKING. — The  rough  masonry  of  a  wall  faced  with  finer 
work.     Earth  deposited  behind  a  retaining  wall,  etc. 

BALLAST. — Selected  material  placed  on  a  road  bed  for  the 
purpose  of  holding  the  track  in  line  and  surface. 

BALUSTER. — A  small  post  or  column  supporting  a  rail. 

BALLUSTRADE.— A  scries  of  ballusters  connected  by  a  rail. 

BASCULE.— A   hinged   lift   bridge. 

BATTEN  PLATES.— Small  plates  connecting  the  several  parts 
of  a  built  member.  These  are  used  instead  of  lattice  on  tension 
members,  and  sometimes  on  compression  members  to  hold  the 
parts  in  line.  Batten  plates  have  two  or  more  rivets  in  each 
part  of  the  built  member. 

BATTER. — A  term  used  to  denote  the  lack  of  perpendicularity 
of  a  wall  or  post.  The  batter  of  a  wall  is  the  amount  it  departs 
from  the  vertical  in  a  given  height,  as  1:12  etc.  A  batter  post 
is  a  post  that  leans. 

BAY. — ^The  panel  of  a  bridge.  The  space  between  two  rows 
of  columns  in  a  building. 

BEAM. — A  piece  of  construction  that  supports  a  load  by 
bending  strains  and  is  vertically  supported  at  its  ends.  A 
simple  beam  is  one  not  fixed  at  its  ends,  that  is,  it  will  not 
resist  bending  strains  at  its   supports.     A  fixed  beam  is  one  that 
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will   carry   bending   strains   at   one   or   more   of  its   supports.      In 
buildings,  when  a  beam  carries  other  beams  it  is  called  a  girder. 

BEARER. — ^A  secondary  vertical  member  in  a  truss  support- 
ing a  long  compression  member. 

BEARING. — ^The  surface  in  contact  on  a  wall  or  other  support. 
The  surface  under  pressure  from  a  rivet  or  pin;  the  amount  of 
this  surface  is  taken  as  its  projection  on  the  diameter  of  the 
rivet  or  pin. 

BED  JOINT. — ^A  horizontal  joint,  or  one  i>erpendicular  to  the 
line  of  pressure. 

BED  PLATE. — ^A  large  plate  of  cast  iron  or  steel  laid  as 
a  foundation  for  something  to  rest  on. 

BENT. — ^A  line  of  two  or  more  posts  and  their  bracing  dis- 
posed transversely  across  the  axis  of  a  bridge  or  viaduct  is  called 
a  bent. 

BEVEL. — ^A  plane  inclined  at  any  other  angle  than  45  or 
90  degrees. 

BILLET. — Smaller  pieces  of  steel  rolled  from  the  bloom. 

BLOCK. — One  or  more  grooved  pulleys  rotating  on  a  pintle 
and  mounted  in  a  casing  called  a  shell,  which  is  furnished  with 
a  hook,  eye,  or  strap  by  which  it  may  be  attached  to  an  object. 

BLOCK  AND  TACKLE.—A.  term  including  the  blocks  and 
the  rope  rove  through  them  for  hoisting. 

BLOOM. — ^The  result  of  the  first  rolling  of  the  ingot  of  steel. 

BOLSTER. — ^A  block  used  to  distribute  the  pressure  of  a 
bridge  upon  the  masonry. 

BOND. — In  masonry  the  lapping  of  stones  or  bricks  so  as 
to  prevent  continuous  vertical  joints  is  called  bonding.  In 
common  brickwork  every  sixth  or  seventh  course  of  bricks  is 
laid  crosswise.  These  are  called  headers.  In  Old  English  bond 
everv  alternate  course  is  a  header  course.  In  Flemish  bond  a 
header  and  stretcher  alternate  in  each  course.  Metal  bonds  are 
small  pieces  of  metal  laid  in  the  joints  of  the  backing  or  common 
masonry  or  brick  work  to  hold  the  facing  to  the  same. 

BORE. — ^The  inner  diameter  of  pipes,  hollow  cylinders,  etc. 

BOSS. — ^A  thickening  of  the  diameter  of  any  part  of  a  shaft. 
A  cylindrical  or  hemispherical  projection  on  a  nat  surface. 

BOX  GIRDER.— A  built  up  girder  having  two  web  plates 
and  top   and  bottom   cover   plates. 

BRACE. — ^A  strut  or  tie  used  to  take  swaying  forces  or  wind 
forces.  Bracing  is  the  name  applied  to  a  system  of  struts  and 
ties  used  to  steady  a  structure. 

BRACKET. — A  supporting  piece  on  the  side  of  a  column  or 
girder.     An  overhanging  portion  of  a  frame. 

BREAK  JOINT. — To  so  overlap  bricks  or  stones  that  the 
joints  will  not  form  a  continuous  line. 

BREAKING  LOAD.— The  load  or  weight  which  will  just 
produce  fracture  in  a  piece  of  material  or  structure. 

BREAST-WALL.— A  wall  built  to  prevent  the  falling  of  a 
vertical  face  cut  into  the  natural  soil. 

BROKEN  ASHLAR.— Ashlar  masonry  in  which  the  beds 
are  parallel  but  not  continuous;  also  termed  broken  range 
masonry. 

BUCKSTAY. — A  beam  (may  be  a  rolled  beam,  channel,  or 
rail,  or  a  cast  iron  beam)  used  against  the  outside  of  a  wall 
to  stiffen  it  laterally  and  to  prevent  bulging.  Buckstays  are 
used  vertically  on  furnace  walls.  They  are  held  against  the  wail 
by  bolts  anchored  into  or  passing  through  the   masonry. 

BULKHEAD. — ^Timber  placed  on  edge  against  the  side  of 
an  end  bent,  in  timber  trestle  for  the  purpose  of  retaining  an 
embankment.  A  timber  or  other  structure  built  along  the  sides 
of  streams  or  rivers. 

BUTT-JOINT. — A    joint    made    by    bringing    the    edges    of    two 
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flates  together.     In  a  butt-weld  these  edges  are  welded  together, 
n  a  butt-splice  a  separate  plate  or  two  plates  are  riveted  across 
the  joint. 

BUTTRESS. — Masonry  projected  from  a  wall,  designed  to 
strengthen  the  wall  against  thrust. 

BUTT-WELD. — A  weld  in  which  two  pieces  are  brought 
together  and  not  lapped. 

CABLE. — A  wire  rope  or,  in  a  suspension  bridge*  a  bundle  ot 
wires. 

CAISSON. — The  airtight  chamber  used  in  the  pneumatic 
process  of  sinking  foundations  is  called  a  pneumatic  caisson. 
The  term  caisson  is  also  applied  to  a  box  in  which  a  pier  is 
built  and  floated,  being  allowed  to  settle  into  place  as  the 
building  progresses. 

CALIBRE. — The  inner  diameter  or  bore  of  pipes. 

CALIPERS. — Dividers  with  curved  legs  for  measuring  outside 
and   inside   diameters. 

CALK. — In  steel  plate  work,  to  render  joints  between  plates 
water-tight  by  means  of  a  calking  tool  or  blunt  chisel.  The 
edge  of  one  plate  is  planed  or  sheared  on  a  bevel,  the  beveled 
edge  being  at  about  80  degrees  with  the  face  of  the  plate.  The 
acute  angle  is  placed  against  the  other  plate  and  after  the 
riveting  is  completed  the  joint  is  calked. 

CAMBER. — The  rise  given  to  a  truss  or  girder  to  overcome 
dip  resulting  from  deflection. 

CANTILEVER. — ^The  part  of  a  framed  truss,  girder,  or  beam 
which  overhangs  the  support  and  depends  for  its  stability  upon 
anchorage   or   the    dead    weight   of   that    to    which    it    is   attached. 

CAP. — The  horizontal  member  upon  the  tops  of  piles  or  posts 
connecting  them  in  the  form  of  a  bent.  The  top  plate  on  a 
column. 

CAUSEWAY. — A  raised  footway  or  roadway. 

CENTERS  OR  CENTERING.—Supports  of  an  arch  or  slab 
during    construction. 

CHAIN. — One  of  the  lines   of  eyebars  in  a  suspension  bridge. 

CHAIRS. — Castings  used  to  support  the  ends  of  rails,  etc 

CHAMFLk. — When  the  arris  of  a  block  is  beveled  oflF  it  is 
said  to  be  chamfered.  Coping  and  capstones  are  usually  cham- 
fered around  the  outer  edges  of  the  top  surface. 

CHASE. — A    groove    left    in    a    wall    to    support    a    floor   slab. 

CHEEKS. — Two  flat  parallel  pieces  confining  something  be- 
tween   them. 

CHOCK. — Any  piece  used  for  filling  up  a  chance  hole  or 
vacancy. 

CHORD. — The  upper  line  of  members  of  a  truss  is  called  the 
top  chord  and  the  lower  line  is  the  bottom  chord.  The  last 
member  in  the  compression  chord  of  a  simple  truss,  though  it 
may  be  virtually  the  continuation  of  the  top  chord,  is  not  con- 
sidered  as   a   member   of   the    chord   but   is   called    the   end  post. 

CHUTE. — An  inclined  trough  through  which  materials  are  slid. 

CLEARANCE. — The  clear  space  under  a  structure,  or  under 
bracing,  or  between  trusses  or  girders. 

CLEAT. — Small  pieces  nailed  on  a  wall  or  floor.  Cleats 
are  sometimes  nailed  to  an  inclined  floor  to  afford  a  hold  for 
horses'  feet. 

clevis'  or  CLEVIS-NUT.—The  nut  for  the  end  of  an 
adjustable  rod,  having  two  jaws  for  pin. 

CLIP. — A  small  fastening,  as  sheet  metal  pieces  to  fasten  small 
purlins  to  rafters. 

COFFER-DAM. — An  enclosure  surrounded  by  sheet  piling  in 
water.  This  is  pumped  dry  to  permit  masonry  or  other  work 
to  be  carried  on  inside  of  it. 

COLUMN. — A  compression  member.  Applied  to  the  posts 
of  a  building. 
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COMPRESSION. — ^The  stress  produced  by  pressure.  It  short- 
ens the  material. 

COPING. — A  top  course  of  dimension  stone  or  concrete 
slightly  projecting  to  shelter  the  masonery  from  the  weather, 
or  to  distribute  the  pressure  from  exterior  loading.  The  finishing 
or  protecting  course  of  a  wall. 

CORBEL. — Brick  or  stone,  or  a  course  or  more  of  the  same, 
projecting  from  the  general  surface  of  a  wall.  A  wall  is  corbeled 
out  sometimes   to   anord   support    for   a   beam. 

CORE. — The  interior  pieces  in  a  mold  for  castings.  Cored 
holes  are  those  made  in  the  casting  by  means  of  cores. 

CORNICE. — The  ornamental  projection  at  the  eaves  of  a 
building. 

COTTER. — This  is  the  split  pin  or  wire  inserted  in  a  hole 
through  a  bolt  or  pin  to  keep  the  latter  from  backing  out. 
The  cotter  takes  the  place  of  a  nut.  The  pin  is  called  a  cotter 
pin.  Cotter  pins  are  used  for  connections  of  lateral  rods.  The 
split  pin  or  cotter  must  be  spread  to  prevent  its  working  out. 

COUNTER. — A  member  inserted  to  take  counter  stress,  that  is, 
to  relieve  a  tension  member  of  compression. 

COUNTER- BR  ACE. — ^To  make  a  tension  member,  by  use 
of  lattice  or  otherwise,   capable  of  taking  compression. 

COUNTERSINK. — An  enlargement  of  a  hole  to  receive  the 
head  of  a  bolt,  screw,  rivet,  etc. 

COUNTER-WEIGHT.— Weight  used  in  a  draw  bridge  to 
balance  the  span.  Sometimes  the  counter-weight  is  made  of 
stone  concrete ;  sometimes  of  cast  iron ;  sometimes  of  a  concrete 
made  of  iron  punchings  and  cement  mortar. 

COURSE. — A  continued  layer  of  bricks  or  stones  in  a  wall 
or  pier;  a  row  of  slates  or  shingles. 

COVER  PLATE.— A  plate  used  over  the  flange  angles  of 
a  girder. 

CRAB. — A  winch  on  a  movable  frame,  used  in  connection  with 
derricks    and    other    non-permanent    hoisting    machines. 

CRAMPS. — Bars  of  iron  having  the  ends  turned  at  right 
angle  to  the  body  of  the  bar  which  enter  holes  in  the  upper 
side  of  adjacent  stones. 

CRANDALLED. — Dressed  with  a  crandalling  tool,  producing 
the  same  effect  as  fine  pointed.  A  crandall  is  a  mason's  tool 
which  has  a  row  of  points  for  dressing  stone. 

CRANE. — A  machine  for  hoisting  heavy  weights. 

CROSS-FRAME. — X-bracing  and  top  and  bottom  strut  between 
two  girders.  End  cross  frame  and  intermediate  cross-frame  are 
terms  used  to  denote  their  locations. 

CROW-BAR. — A  bar  of  iron  or  steel  used  as  a  lever  for  various 
purposes,  often  pointed   at  the  end. 

CROWN. — The  rise  of  an  arch  or  the  rise  of  a  roadway  at 
the  middle. 

CULVERT. — ^A  water-way  or  drain  of  masonry  or  pipe  beneath 
a  road   or  canal. 

.  CURTAIN-WALL.— That  part  of  the  exterior  wall  of  a  build- 
ing extending  from  the  line  of  the  window  cap  of  one  story  to 
the  line  of  the  window  sill  of  the  next  story  above.  A  thin 
partition  wall,  not  intended  to  support  loads. 

DEAD  LOAD. — The  weight  of  a  structure  itself  as  distin- 
guished from  extraneous  load  called  live  load  (sometimes 
accidental    load.) 

DEADMAN. —  A  weight  laid  on  the  ground  to  serve  as  an 
anchor  for  the  gruys  of  derricks,  etc. 

DECK  BRIDGE. — A  bridge  in  which  the  trusses  or  girders 
are  entirely  beneath  the  floor. 

DEFLECTION. — The  dip  of  a  beam  or  girder  or  truss  caused 
by  the  load. 

DERRICK. — A    crane    consisting    of    a    mast    or    verticle    post 
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stayed  with  guys  or  stiff  legs  at  the  top  and  a  boom  or  arm 
whose  upper  stay  may  be  let  out  or  drawn  in  at  will.  The  load 
it  lifted  at  the  outer  or  upper  end  of  the  boom. 

DIAPHRAGM. — ^A  separator  made  of  an  I  beam,  a  channeU 
or  plate  ana  angles;  used  to  join  the  webs  of  a  built  member, 
box  girder,  or  other  part.  The  purpose  is  usually  to  equalize 
the  load. 

DIE. — ^Tool  for  cutting  threads  on  a  rod.  Part  of  a  punching 
machine  that   receives  the  punching. 

DIKE  OR  DYKE. — A  levee  or  wall  of  earth  to  prevent  the 
encroachment  of  water  or  to  serve  as  a  wharf  or  jetty. 

DIMENSION  STONE.— Blocks  of  stone  cut  to  specified 
dimensions. 

DOCK. — An  artificial  excavation  or  structure  for  containing 
a  vessel   for   repairs,  etc. 

DOG-IRON. — A  short  bar  of  iron,  forming  a  kind  of  cramp, 
with  its  ends  bent  down  at  right  angles  and  pointed,  so  as  to 
hold  together  two  pieces  into  which  they  are  driven;  often 
used  for  temporary  purposes. 

DORMER. — A  projection  from  a  sloping  roof,  having  a  vertical 
window  or  louvre  on  the  side,  usually  having  itself  a  gable 
roof  meeting  the  main  roof  in  two  valleys. 

DOWEL. — A  short  iron  or  wooden  pin  used  to  connect  mem- 
bers.    Its  principal  use  is  to  prevent  lateral  displacement. 

DRAFT. — A  line  on  the  surface  of  a  stone  cut  to  the  breadth 
of  a  chisel. 

DRAFTED  STONES.— Stones  on  which  the  face  is  surrounded 
by  a  draft,  the  space  inside  the  draft  being  left  rough. 

DRAW-BRIDGE.— Any  kind  of  a  bridge  that  can  be  swung 
or  lifted  or  revolved  out  of  the  way  to  allow  the  passage  of 
boats. 

DREDGING. — The  operation  of  excavating  mud,  silt,  etc.,  from 
the  bottom  of  rivers,  harbors,  etc.  For  this  purpose  there  may 
be  used  a  dipper-dredge,  clam-shell  or  grapple  dredge,  crane 
dredge,  suction  or  hydraulic  dredge,  ladder  or  elevator  dredge, 
etc. 

DRESSING. — The  finish   given  to   stone  or  to  concrete  facing. 

DRIFT. — ;To  draw  two  or  more  punched  pieces  into  correct 
relative  position  for  driving  rivets  by  driving  tapered  pins  into 
the  holes. 

DRIFT  BOLT. — ^A  short  piece  of  round  or  square  iron,  with 
or  without  head  or  point,  driven  as  a   spike. 

DRIFT-PIN.— A  tapered  pin  used  to  drift  punched  pieces 
fair  or  to  enlarge  the  holes. 

DRIVING  NUT.— This  is  a  nut  used  in  erection,  to  protect 
the   driven  end  of  a  pin. 

DRUM. — ^The  circular  girder  upon  which  a  horizontally  w* 
volvin^r  draw  span  rests;  the  drum  in  a  rim-bearing  draw  span 
is  carried  on  rollers. 

DRY-ROT. — Decay  of  wood  that  is  sealed  against  admission 
of  air. 

DRY  WALL. — A  masonry  wall  in  which  stones  are  built  np 
without  the  use  of  mortar. 

DUCTILITY. — ^The  property  allowing  permanent  elongation 
or   bending  without   rupture. 

DUTCHMAN. — A  block  or  wedge  driven  into  a  space  to 
fill  it  or  to  hide  the  fault  in  a  badly  made  joint. 

EAVES. — The  portion  of  a  roof  that  projects  beyond  the  walla. 

ELEVATION. — A  view  showing  the  exterior  of  an  object  or 
a  structure,  nrojected  on  a  vertical  plane. 

END  POST. — The  end  compression  member  in  a  truss,  some- 
times vertical,   sometimes  inclined. 

ENGLISH  BOND.— In  brickwork,  alternate  courses  of  headeff 
ind   stretchers. 
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EXTRADOS.^The  upper  or  convex  surface  of  an  arch.     The 
convex  surface  of  any  cylindrical  object. 

FACIA    BEAM.— The    outer    channel    of    a    side    walk.      Any 
beam  exposed  along  the  edge  of  a  floor. 

FALL. — ^The  rope  used  with  pulleys  in  hoisting. 

FALSE-WORKS. — ^Temporary  construction  used  in  erection  of 
the  permanent  structure. 

FENDER. — A  piece  for  protecting  anything  from  being 
injured  by  blows  or  by  wear  from  a  passing  object. 

FENDER-PILES. — Piles  driven  to  ward  oflF  accidental  floating 
bodies. 

FERRULE. — A  broad  metallic  ring  or  thimble  put  around 
anything  to  keep  it  from  splitting  or  breaking.     A  small   sleeve. 

FILLET. — ^The  rounding  of  a  corner  on  a  rolled  shape  or  a 
casting. 

FISH  PLATE. — ^The  short  piece  secured  to  the  side  of  several 
members  which  are  butt-jointed,  (in  timber  work).  Splicing 
pieces   tor    rails. 

FLANGE. — Part  of  a  plate  or  pipe  turned  out  at  right  angles. 
The  parts  of  an  I  beam,  or  channel  or  zee-bar  exclusive  of  the 
web.  The  parts  of  a  girder  in  direct  tension  and  compression. 
The  flat  part  of  a  T-iron.     Either  part  of  an  angle. 

FLANGE  PLATES.— Cover  plates  added  to  the  angles  of  a 
built  girder. 

FLASHING. — Sheet  metal  turned  up  at  the  junction  of  a 
roof  surface  and  a  wall  to  turn  the  water. 

FLASKS. — ^The  wooden  boxes  containing  the  sand  ready  to 
receive   the   iron   to   make    a    casting. 

FLEMISH  BOND.— In  brick  work,  alternate  headers  and 
stretchers  in  the  same  course. 

FLOOR- BEAMS. — ^The  transverse  beams  supporting  the  string- 
ers of  a  bridge,  or  supporting  the  floor  direct. 

FLUME. — A  supported  trough  through  which  water  flows. 

FLUSH. — Having  the  surface  even  or  level  with  an  adjacent 
surface.  To  fill.  To  bring  to  a  level.  To  force  water  to  the 
surface  of  concrete  by  compacting  or  ramming.  To  wash  out  with 
a  hose. 

.  FLUXES. — Substances  used  to  prevent  the  formation  of  oxide 
in  welding  or  soldering.  Borax  is  used  for  wrought  iron;  borax 
and  sal-ammoniac  for  steel;  chloride  of  zinc  for  zinc,  copper, 
or  brass;  sal-ammoniac  for  copper  or  brass;  tallow  or  resin 
'or   lead. 

FOOTING. — ^The  projecting  courses  at  the  base  of  a  wall 
'or  the  purpose  of  distributing  the  weight  over  an  increased  area. 

FORMS. — Framed  construction  for  holding  concrete  in  desired 
shape  until  the  final  set  is  attained. 

FOUNDATION. — ^The  portion  of  a  structure  usually  below 
the  surface,   which  distributes  the  pressure  upon  the  bed. 

FOXTAIL. — A  thin  wedge  inserted  into  a  slit  at  the  lower 
end   of   a   pin   or   bolt,    so   that   as   the    pin    is   driven   down    the 

»S*   *"**^''®   **   ^^^   causes   it   to   spread    and   hold   more   firmly. 

FRAME. — The  assembled  parts  of  a  structure.  The  steel 
•rame  of  a  building  includes  the  columns,  beams,  girders,  trusses, 
etc.     To  bring  together  the  parts  of  a  structure. 

FRAME  TRESTLE.— A  structure  in  which  the  upright  mem- 
oirs or   supports   are   framed   timbers. 

FRICTION-ROLLERS.- Rollers  under  the  expansion  end 
ot  a  span. 

PURRING. — Pieces  used  to  bring  out  the  lath  or  other  support 
lor  wall  or  ceiling.  A  ceiling  is  said  to  be  furred  when  a  space 
'8  left  between  the  plastering  and  the  beams  or  slabs  above. 

GANTRY. — A  traveling  crane  moving  on  tracks  laid  on  the 
Wound;  usually  composed  of  two  A-frames  each  supported  on 
two  wheels  and  united  at  the  top  by  a  girder  carrying  a  trolley 
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to  which  the  lifting  block  is  attached.  Riveting  gantries  are  usea 
either  to  carry  a  portable  riveting  machine  or  to  support  pieces 
to   be   riveted  as  they   are   carried  past  a   stationary  riveter. 

GEAR. — ^A  general  term  for  cog  wheels.  Applied  particularly 
to  the  larger  gear  wheels  as  distinguished  from  the  smaller  ones, 
which  are   called   pinions. 

GIB. — A  sharp  offset  or  lip  at  the  end  of  a  bar  to  prevent  the 
bar  from  slipping  or  to  transmit  tension  from  the  bar  through 
the  means  of  a  wedge  or  key  or  similar  oflFset  in  another  bar. 

GIN-POLE. — A  vertical  pole  or  mast,  stayed  at  the  top  with 
guys,  and  having  a  sheave  or  block  near  the  top,  used  for 
lifting  structural  parts  in  erection. 

GIRDER. — A  beam  supporting  other  beams  in  a  floor  or 
roof.  Sometimes  applied  to  any  built  beam.  A  riveted  truss 
is  usually  called  a  lattice  girder.  When  the  riveted  web  mem- 
bers are  replaced  by  a  web  plate,  it  is  called  a  plate  girder. 

GIRT. — A  stiff  member  in  timber  trestle  running  horizontally 
or  nearly  so.  A  stiff  horizontal  member  in  the  framing  of  a 
mill  building  to  which  corrugated  iron  or  other  covering  is 
attached. 

GRILLAGE. — A  network  of  timbers  or  steel  beams  laid  at 
right  angles  with  each   other  in  a   foundation. 

GROIN  OR  GROINED  ARCH.— An  arch  formed  by  two 
segmental  arches  or  vaults  intersecting  each  other  at  right 
angles. 

GROSS  SECTION  OR  GROSS  AREA.— The  area  of  the  cross- 
section  of  a  member  making  no .  allowance  for  pin  holes,  rivet 
holes,  etc. 

GROUT. — A     thin     mortar     either     poured     or     applied    with 
a  brush. 

GRUBBING. — Removing    roots    and    stumps    from    the    surface. 

GUARD  RAILS. — Longitudinal  members,  either  wood  or  steel, 
secured  to  the  floor,  along  the  side  of  a  roadway  or  of  a 
railroad  track 

GUDGEON  PIN.— The  vertical  pin  in  the  top  of  the  mast  of 
a    derrick. 

GUSSET  OR  GUSSET  PLATE.— A  plate  at  the  intersection 
of  the  members  of  a  truss  or  frame  to  which  the  ends  of  mem- 
bers  are  connected   by   rivets.     A  corner   plate   used   for  a  brace. 

GUYS. — Ropes  or  wires  or  rods  holding  the  top  of  a  mast 
or  post   from  swaying. 

HAMMER  DRESS.— To  flatten  a  plate  by  hammering  instead 
of  planing  the  plate. 

HANDSPIKE.— A  loose  bar  used  as  a  lever  for  liting  or  shift- 
ing an  object. 

HANGERS. — Brackets  suspending  shafting  from  ceiling.  Verti- 
cal truss  members  supporting  floor  beams. 

HARD-PAN. — Gravel  cemented  with  clay,  which  it  is  some- 
times  necessary  to  blast. 

HASP. — A  piece  of  metal  with  an  opening  for  folding  it 
over  a  staple. 

HAUNCHES. — The  part   of  an  arch   from  crown  to  springing. 

HEADER. — A  stone  that  has  its  long  axis  perpendicular  to 
the    surface   of   a   wall. 

HEEL. — The  outer  corner  of  arris  of  a  steel  angle. 

HINGE  PLATES.— The  pin  plates  of  a  chord  member  that 
extend  beyond  the  pin,  distinguished  from  the  other  pin  plates 
which  are  cut  off  at  the  pin  center. 

HIP. — ^The  angle  where  an  inclined  end  post  and  the  top 
chord  of  a  truss  meet.  The  hip  vertical  is  the  vertical  member 
intersecting  this  point.  A  hip  rafter  is  a  rafter  at  the  convex 
meeting   of   two    slopes   of   a   roof. 

HIP  Root. — One  that  slopes  four  ways,  forming  ridges 
or  hips. 
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HORSE. — A  wooden  bar  with  legs  u»cd  for  supporting  a 
staging.     The  string  or  side  piece  in  a  stair. 

HOUSING. — Covering  of  machinery.  Covering  of  the  tail  end 
of  a  bascule  girder. 

HOWE  TRUSS. — ^A  truss,  usually  of  wood,  having  parallel 
chords,  divided  into  panels  by  vertical  tension  rods,  and  having 
compression  diagonals  in  the  panels. 

INGOT. — A  large  mass  of  steel  cast  from  the  ladle. 

INTERMEDIATE  SILL. — A  horizontal  member  in  the  plane 
of  a  timber  trestle  bent  between  the  cap  and  lower  sill  and  into 
which  the  posts  are  framed. 

INTRADOS. — ^The  inner  or  concave  surface  of  an  arch  or 
any  cylindrical  opening. 

INVERT. — ^An  inverted  arch,  built  to  distribute  pressure  on 
the  soil. 

JACK. — A  tool  for  lifting  heavy  loads  either  by  a  screw  or 
lever  or  hydraulic   cylinder. 

JACK-RlAFTERS. — Short  rafters.  Rafters  framing  into  hip 
or  valley  trusses  or  rafters. 

JACK  STRINGERS.— Stringers  placed  outside  of  the  main 
stringer. 

JAM-NUT. — An  auxiliary  nut  screwed  down  over  another  to 
hold  it  in  place.     Also  called  check  nut  and  lock-nut. 

JAW  PLATES. — A  pair  of  plates  that  extend  beyond  the  main 
section  of  a  member  to  take  a   pin  or   for  a   riveted   connection. 

JIB. — The   horizontal    projecting   member   of   a    jib    crane. 

JIB-CRANE. — A  crane  consisting  of  a  vertical  post  and  a 
horizontal  jib.  Loads  are  lifted  at  the  end  or  at  intermediate 
points  along  the  jib.  By  means  of  revolving  the  post  and  a 
trolley  on  the  jib  loads  may  be  lifted  at  any  point  within  the 
jib  circle. 

JOINT. — A  space  in  masonry  construction  to  be  filled  with 
mortar,    or   remaining   unfilled    to    allow    for   temperature    changes. 

JOIST. — A  timber,   supporting  the  boards  of  a  floor. 

KERF. — The  narrow  slit  made  in  sawing. 
.  KEY-BOLT. — A   bolt,    having   a    slot,    through    which   a   wedge 
IS  driven.     This  takes  the  place  of  a  nut  and   thread.     Key-bolts 
are  now  used  to  some  extent  in  fitting  up  in  shops. 

KEYSTONE.—The  middle  or  highest  stone  of  an  arch. 

KIBBLE. — The  bucket  used  in  raising  materials  from  shafts. 

KING  POST  TRUSS.— A  trussed  beam  in  which  there  is 
one  center  post  supported  by  a  rod  or  hog-chain,  the  latter 
feeing  connected  to  the  ends  of  the  beam. 

KNEE-BRACE. — A   short   brace,    as   one   used   between   a   post 
and  a  girder  or  strut,   to  take  up  swaying  forces. 
.  KNOCKED    DOWN.— Taken    apart    for    shipment    or    conven- 
'ent  handlin|f. 

LAGGING. — A  covering  of  loose  planks  or  boards  as  those 
'ised  to  support  arch  stones  or  concrete  during  construction. 

LAP-JOINT. — A  joint  made  by  lapping  the  edges  of  two 
plates. 

LARRY. — A  low,  flat  wagon  or  buggy  for  conveying  materials. 
.  LATERAL  SYSTEM.— The  system  of  horizontal  bracing  carry- 
'ng  the  force  of  the  wind  (or  the  centrifugal  force)  to  the  piers 
or  other  resisting  parts.  The  diagonal  members  are  called  laterals 
*nd  the  transverse  members  lateral  struts. 

.  LEACH. — To    dissolve    out,    as    of    preservative    compounds    in 
timber. 

LEAD. — The  length  of  haul  from  the  pit  to  the  dump. 

LEAN-TO. — A  small  building  whose  rafters  pitch  or  lean  agrainst 
^nother  building  or  against  a  wall.  A  lean-to  roof  truss  is  one 
"aving  but   one   slope. 

LEWIS  OR  LEWIS-BOLT.— A  bolt  let  into  a  dove  tail 
'"ccess  in  the  side  of  a  stone  to  lift  the  stone.     The  bolt  consists 
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of  three  parts  each  having  a  ring  in  which  to  insert  a  bolt  and 
U  for  lifting.  The  two  outer  parts  are  wed^e  shaped;  these  are 
first  inserted  in  the  hole  and  a  middle  flat  piece  is  then  inserted. 
It  is  thus  impossible  to  withdraw  the  bolt,  with  a  bolt  inserted 
in  the  three  rings  or  eyes,  without  breaking  the  stone. 

LINTEL. — A  horizontal  beam  across  an  opening  in  a  wall, 
as  over  windows,  doors,  etc. 

LOMIS  NUT. — This  is  a  chambered  nut  which  acts  as  nut 
and  washer,  or  rather  avoids  the  use  of  the  latter.  It  is  raised 
around  the  edge  on  the  side  coming  against  the  metal,  so  that  the 
turned  part  of  the  pin  will  project  through  the  bored  plates  or 
bars. 

LOUVRE. — A  kind  of  vertical  window  or  ventilator  composed 
of  horizontal  bars  or  slats  arranged  vertically  over  each  other  and 
tilted  so  as  to  exclude  the  rain. 

LUG. — Small  projection  on  a  catting  for  connection,  or  guide, 
or  for  a  support  for  something.     A  short  angle  connection. 

LUMBER. — Sawed  timber,  either  boards,  plank,  or  squared 
pieces. 

MALLEABILITY.— The  property  by  virtue  of  which  metals 
may  oe  extended  or  flattened  out  by  hammering  or  rolling. 

MANDREL. — An  iron  piece  used  as  a  core,  around  which 
bending   or    forging  is   done. 

MAUL. — A  heavy  wooden  hammer,  used  to  drive  sheet  piling 
in  hand  driving,  etc. 

MEMBERS. — The  diflFerent  parts  of  a  truss. 

MILL  CONSTRUCTION.— Heavy  wooden  construction,  floors 
of  solid  wood  3  or  4  inches  thick,  on  heavy  timber  joists.  So- 
called   slow   burning  construction. 

MITRE. — A  term  for  a  cut  at  an  angle  of  45  degrrees. 

MODULUS. — A  datum  serving  as  a  means  of  comparison;  same 
as  constant  or  coeflFicient. 

MOMENT. — Product  of  a  force  and  its  lever  arm. 

MONKEY. — ^The  hammer  or  ram  of  a  pile  driver. 

MONITOR. — ^The  part  of  a  roof,  designed  to  give  ventilation 
or  light,  which  projects  above  the  general  surface  of  the  roc: 
and  has  vertical  sides  for  windows  or  louvres. 

MUCK. — Soft  surface  soil  containing  much  vegetable  matter. 

MUNTINS  OR  MULLIONS.— The  vertical  pieces  which  sep- 
arate the  panes  of  a  window  sash. 

NEEDLE  BEAMS. — Beams  running  cross-wise  to  underpin  a 
wall  or  beams  similarly  placed  for  supporting  a  load  at  several 
points. 

NET  SECTION  OR  NET  AREA.— The  area  of  the  cross 
section  of  a  member  after  deducting  for  rivet  holes,  pin  holes,  etc. 

NEWEL  POST.— The  large  post  used  in  the  line  of  hand- 
railing  at  ends  or  corners. 

NOSING. — The  rounded  and  projecting  edge  of  the  tread  of  a 
step  or  the  edge  of  a  landing. 

OGEE. — Washers  or  molding  having  a  convex  and  concave 
curve,  or  a  compound  curve,  in  cross  section. 

OLD  MAN. — The  heavy  piece  of  metal  used  as  a  brace  with 
a   ratchet   drill. 

ORDINATE. — ^The  distance  of  a  curve  from  its  chord. 

OUT  OF  WIND  (long  i).— Perfectly  straight  or  flat 

PACKING. — ^The  arrangement  of  the  various  members  on  a 
truss  pin. 

PANEL. — One  of  the  parts  into  which  a  span  is  divided  by 
the  floor  beams  or  by  the  truss  verticals. 

PARAPET. — A  wall  or  any  kind  of  masonry  railing  to  pre- 
vent persons  from  falling  off. 

PAwL. — ^The  catch  which  stops,  or  holds,  or  falls  on  to  a 
ratchet    wheel. 

PEDESTAL. — ^The  supporting  piece  at  the  base  of  a  column- 
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A  small  pier  to  receive   a  post. 

PEEN  OR  PEAN.— To  flatten,  draw  out,  rivet,  etc.  with  a 
hammer  while   the  metal   is   cold. 

PENT-HOUSE. — A  projecting  room  or  story  above  the 
general  level  of  a  roof. 

PIER. — ^The  intermediate  masonry  support  of  the  spans  of 
a  bridge.  The  pier  supporting  a  revolving  draw  span  is  called 
the  pivot  pier.  Cylindrical  piers  are  made  of  cylindrical  shells  of 
steel  filled  with  concrete. 

PILASTER. — A  projecting  part  of  a  wall  on  the  interior  or 
exterior  oi  the  building  to  act  as  a  column  or  to  strengthen  the 
walL 

PILE. — Timbers  driven  into  the  soil  to  support  a  structure. 
Concrete  posts  driven  or  cast   in   the  ground. 

PILE  TRESTLE.— A  structure  in  which  the  upright  members  or 
supports    are    piles. 

P1L.1-OW-BLOCK. — ^A  metal  chair  or  support  upon  which 
the  journals  of  a  horizontal  shaft  rest,  and  in  which  they  revolve. 

PILOT  NUT. — ^This  is  a  nut  used  in  erection  only  to  protect 
the  thread  of  a  pin  and  to  facilitate  driving  of  the  pin.  It  is  used 
on  pins  that  are  turned  down  to  smaller  diameter  for  the  thread. 
The  pilot  nut  is  tapered  so  as  to  drift  the  parts  together  in 
driving  the  pin. 

.PIN. — A  cylindrical  piece  of  steel,  used  to  hold  two  or  more 
pieces  together.  Some  small  pins  have  threads  cut  on  the  full 
diameter;  others  are  turned  down  and  threaded  on  the  reduced 
portion;  others  (in  very  heavy  work)  have  a  hole  bored  through 
their  center,  through  which  a  small  bolt  passes,  this  bolt  receiv- 
'ng  the   nuts. 

PINION.— A  small   cog  wheel. 

PITCH  OF  ROOF.— The  ratio  between  the  height  of  a  roof 
and   the    span,    as   one-third    pitch,    etc. 

PIVOT. — A  vertical  shaft  upon  which  a  turntable  revolves 
and  is  supported,  or  which  acts  as  a  guide  to  hold  the  turn- 
table central. 

PIVOT  PIER. — The  pier  upon  which  a  draw  bridge  revolves. 

PLAN. — A  view  showing  an  object  or  a  structure,  projected 
on  a   horizontal   plane. 

PLANE,  MILL,  FACE.— These  words  are  used  interchangeably 
to  denote  the  tool  finishing  of  the  ends  of  columns,   etc. 

PLANISH. — To  polish  metal  by  rubbing  with  a  hard  smooth 
tool. 

PLANT. — The  outfit  of  machinery,  etc.,  necessary  for  carrying 
<»n  any  kind  of  work. 

PLINTH. — ^A  short   prism  upon   which   a  column  rests. 

POINTING. — Filling  joints  or  defects  in  the  face  of  masonry 
structure. 

PONY  TRUSS.— A  truss  which  is  not  high  enough  to  take 
over-head  bracing  across  the  roadway  of  the  bridge,  but  is  stiff- 
^ed  by  gussets  or  braces  to  the  floorbeams  or  to  struts  in  the 
plane  of  the  bottom  chord. 

PORTAL. — The  sway  bracing  between  the  end  posts  of  a 
through  span.  The  portal  usually  consists  of  a  single  lattice 
'tnit,  or  of  two  struts  with  diagonals,  and  corner  braces  or 
"rackets. 

POST. — A  compression  member  of  a  truss.  An  upright 
supporting  a  load. 

PRATT  TRUSS.— A  truss  with  paralled  chords,  divided  into 
panels  by  vertical  posts,  and  having  tension  diagonals  in  the 
panels. 

PRIMING  COAT.— The  first  coat  of  paint. 

PROFILE. — A  longitudinal  section  along  the  axis  of  a  bridge, 
wowing  the  floor  line  of  the  bridge  and  the  ground  line. 

PROOF  LOAD.— The  load  that  may  be  applied  to  chain  with- 
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out  producing  permanent  injury. 

PUDDLE. — To  settle  loose  dirt  or  clay  by  turning  on  water 
so  as  to  render  it  firm  and  solid.  A  process  of  converting  cast 
iron  into  wrought  iron  in  a  puddling  furnace. 

PURLINS. — ^The    horizontal  pieces  supporting    the  roof    covering. 

QUARRY  FACE,  OR  ROCK  FACE.— Stone,  faced  as  it  comes 
from  the  quarry. 

OUEEN  POST  TRUSS. — A  trussed  beam  having  two  vertical 
posts  and  a  rod  or  hog-chain  passing  below  them,  the  latter 
fastened  to  the  ends  of  the  beam. 

RACK. — A  straight  row  of  cogs  or  gears.  A  portion  of  a  gear 
of  long  radius. 

RACKED  BACK.— Built  in  steps  or  offsets. 

RAFTERS. — Inclined  beams  supporting  a  roof  deck  or  support- 
ing the  purlins. 

RAIL. — The  horizontal   pieces  of  framing  or  paneling. 

RAKED  OUT. — Brick  work  having  mortar  scraped  out  for  a 
little  depth. 

RAM. — The  hammer  of  a  pile  driver. 

RANDOM. — Irregular  stone  work. 

RANGE  MASONRY  OR  RANGE  WORK.— Masonry  in  which 
the  various  courses  are  laid  up  with  continuous  horizontal  joints; 
also  called  ashlar. 

RASP. — A   coarse   file. 

RATCHET  AND  PALL.— A  notched  wheel  (the  ratchet)  and 
a  short  bar  or  dog  (the  pall)  which  drops  into  a  notch  of  the 
wheel  to  prevent  its  turning,  used  for  safety  in  hoisting  machinery. 

REAM. — To  enlarge  the  diameter  of  a  hole  by  cutting  away 
the  material  around  its  circumference. 

REBATE. — A  groove  on   the  edge   of  a  board. 

RE-ENTERING  ANGLE  OR  RE-ENTRANT  ANGLE.— An 
angle  or  corner  projecting  inward. 

RETAINING  WALL.— A  wall  which  is  used  to  sustain  earth 
packed  behind  it. 

REyEAL. — The  exposed  portion  of  the  sides  of  openings  in 
walls  in  front  of  the  recesses  for  doors,  window- frames,   etc. 

REVETMENT. — Steep  facing  of  stone  on  a  sloping  side  of  a 
ditch   or  embankment. 

RIB. — Stiffening  projections  cast  on  or  riveted  on  a  flat  or 
other  shaped  plate.  One  of  a  number  of  the  parts  forming  an 
arched  span  or  a  dome. 

RIB-BAND  OR  RIBBAND.— Longitudinal  timbers  along  the 
side   of  a  dock. 

RIDGE  OF  A  ROOF.— The  sharp  edge  along  its  top. 

RIDGE-POLE  OR  RIDGE- BE  AM.— The  beam  along  the  hori-j 
zontal  angle,  the  ridge  or  comb,  of  a  roof. 

RING-COURSE,  IN  AN  ARCH.— A  course  parallel  to  thcj 
face  of  the  arch. 

RIP-RAP. — Loose  stone  laid  around  a  pier  to  prevent  th« 
scouring  of  the  water. 

RISE,  OF  AN  ARCH.— The  height  from  springing  line  to 
under  side  of  the  arch  at  the  keystone.  The  difference  in  eleva- 
tion of  the  center  line  of  an  arch  ring  at  crown  and  springing. 

RISER. — ^The  vertical  part  of  a  step. 

RIVET  GAGE. — The  distance  from  the  heel  of  an  angle  oi 
channel    to  the  rivet   line. 

RIVET    PITCH.— The   distance,   center   to   center  of   rivets   l 
a  single  line.     For  two   lines  of  rivets  in   the  fl&nge  of  an  angl 
it    is    the    distance    measured    along    the   angle    from    the    rivet 
one  line  to  that  of  the  other. 

ROCK. — A  solid  mass  of  mineral  substance. 

ROWLOCK  COURSE.— A  course  of  bricks  in  which  the  end 
of  the  bricks  are  exposed,  the  longer  edge  being  vertical.  In  i 
row-lock    arch    the    longer    edge    of    the    brick    is    normal    to    t 

476 


arch  ring. 

RUBBLE. — Field  stone  or  rough  stone  as  it  comes  from  the 
quarry.  When  it  is  of  large  or  massive  size  it  is  termed  block 
rubble. 

RUBBLE  MASONRY. — Masonry  composed  of  unsquared  or 
roughly  squared  stone  or  rubble  of  irregular  size  or  shape.  It 
may  be  either  coursed  or  uncoursed. 

RUST  JOINT. — ^This  is  a  kind  of  joint  made  between  two 
iron  or  steel  surfaces  or  between  masonry  and  the  bottom  surface 
of  a  cast  shoe.  A  cement  may  be  made  of  a  mixture  of  32 
parts  of  cast  iron  or  other  iron  filings  and  one  part  of  sal-ammoniac. 
This  placed  between  masonry  and  a  cast  shoe  or  other  casting 
will  cement  the  two  together.  An  application  of  a  solution  of 
sal-ammoniac  to  two  finished  surfaces  before  bolting  them  together 
will  also  act  as  a  cement  between  these  parts. 

SADDLE. — ^The  ^ooved  support,  over  a  post  or  pier,  for  the 
cable   of   a    suspension   bridge. 

SAND-HOG. — A  man  who  works  in  air  under  high  pressure 
in    pneumatic    excavation. 

SCANTLING. — The  dimensions  of  a  piece  of  timber  in  breadth 
and    thickness.      Studding   under   five   inches   square. 

SCARF. — ^The  uniting  of  two  pieces  by  a  long  joint  aided  by 
bolts. 

SCARFED. — Hammered  or  cut  down  to  a  point  or  a  sharp 
edge. 

SCARF-WELD. — A  weld  in  which  the  pieces  are  scarfed  before 
being  welded. 

SCRATCH  COAT.— The  first  coat  of  plaster,  which  is  scratch- 
ed to  afford  a  bond  for  the  second  coat. 

SCUPPER.— Drain  holes  in  a  floor. 

SECTION. — A  drawing   showing  a  cut  through   the  object. 

SEPERATORS.— Thimbles  or  castings  inserted  between  beams 
to  keep  them  apart. 

SET. — A  permanent  bend  or  deflection  produced  by  straining 
beyond  the  elastic  limit.     To  harden,  as  the  hardening  of  cement. 

SHACKLE  OR  CLEVIS.— A  link  in  a  chain  shaped  like  a  U 
and  so  arranged  that  by  drawing  out  a  bolt  the  chain  can  be 
separated    at    that    point. 

SHAFT. — ^The  part  of  a  column  exclusive  of  its  details.  A 
vertical  pit  or  well. 

SHANK. — The  body  of  a  bolt  or  rivet,  exclusive  of  its  head. 

SHEAR-LEGS  OR  SHEARS.— A  kind  of  derrick  made  of 
two  straight  poles  united  at  the  top  and  braced  by  guy  lines. 
Also  called  an  A-crane  or  derrick. 

SHEAVE. — A  large  grooved  wheel  or  pulley. 

SHEETING  OR  SHEATHING.— Boards  nailed  on  a  frame 
to  receive  weather-boarding  or  surfacing  in  a  roof.  Covering  a 
surface  with  boards,  sheet  iron,  felt,  etc. 

SHIM,  OR  SHIM  PLATE.— A  plate  let  into  an  open  space 
to  build  out  to  a  required  thickness,  or  laid  under  a  support  to 
raise  its  elevation. 

SHOES. — Iron  fittings  on  the  ends  of  piles.  Supporting  pieces 
for  girders  or  trusses. 

SHORES  OR  SHORING.— Timbers  used  to  support  a  struc- 
ture   during    erection    or    during    repair    or    alteration. 

SHRINK. — Hoops  and  rings  are  said  to  be  shrunk  on  when 
they  are^  made  just  a  little  too  small  to  go  into  place  when  cold. 
By  heating  them  the  expansion  allows  them  to  be  dropped  into 
place.  Upon  cooling  the  ring  or  hoop  will  grip  firmly  the  object 
upon  which  it  is  shrunk. 

SILLS. — ^Timbers  laid  on  the  ground  to  support  the  posts  of 
a  timber  trestle. 

SKELETON  CONSTRUCTION.— A  frame-work  of  metal  which 
carries  all  of  the  loads  -of  the  building. 
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SKEWBACK. — The  inclined  stone  from  which  an  arch  springs 
Also  the  corresponding  part  of  a  metal  arch.  The  stop  for  a  nu 
in  light  rod  bracing  where  rod  passes  through  a  web  plate. 

SKIDS. — Parallel  timbers  or  rails  for  sliding  things  upon. 

SKIP. — ^A  box  for  carrying  ore  or  other  materials.  The  bos 
may  be  on-  wheels  running  on  an  inclined  track  as  in  a  skip  hoist 

SLAB. — Broad  flat  pieces  of  steel,  rolled  from  the  ingot  oi 
bloom;  used  in  rolling  plates. 

SLiiDGE. — ^A  heavy  hammer. 

SLEEPER. — A  piece  of  timber  laid  on  the  ground  to  receive 
floor  joists,  or  laid   on  a  floor  arch  to  receive  the  flooring. 

SLEEVE. — A  hollow  cylinder  slid  over  two  pieces  to  hold  them 
together. 

SLEEVE-NUT. — A  double  nut  used  in  adjustable  rods;  turned 
by   means  of  a  wrendL 

SLIP. — The  sliding  down  of  the  sides  of  earth  cuts  or  embank- 
ments. A  long,  narrow  water  space  or  dock  between  two  wharves 
or  piers. 

SLOPE  WALL. — A  wall  to  protect  the  slope  of  an  embank 
ment  or  cut. 

SOFFIT. — The  lower  or  underneath  surface  of  an  arch,  cornice, 
window,  or  door  opening,  etc. 

SPALL,. — Small  chunks  of  stone  broken  off  the  corners. 

SPAN. — The  distance  between  the  supports  of  a  beam,  girder, 
arch,  or  truss.  The  span  for  calculations  is  usually  the  distance 
center  to  center  of  supports. 

SPANDREL. — The  space  between  the  top  or  extrados  of  an 
arch  and  the  roadway.  The  spandrel  sections  of  a  building  arc 
sections  showing  beams  in  the  walls;  these  beams  are  called  the 
spandrel  beams. 

SPLINE. — ^A  strip  of  wood  or  iron  used  instead  of  a  tongue 
for  driving  in  the  grooves  of  planks,  (used  in  sheet  piling).  A 
strip  of  iron  used  as  a  key  for  a  gear  wheel  having  longritudinal 
motion  on   the  shaft. 

SQUARE. — In   roofing,    100   square   fdet. 

STAGING. — The  structure  supporting  workmen  and  materials  in 
huilding. 

STANCHION. — A  vertical  prop  or  strut.  Usually  a  support- 
ing piece  that  is  bolted  down  at  its  base  and  free  at  the  top. 

SI  AY. — A  line,  tie,  or  strut  used  to  stay  anything  or  keep  it 
in   place. 

STEAMBOAT-RACHET. — A  tool  used  for  purposes  reverse  to 
those  of  a  jack,  namely  to  draw  two  lines  or  chains  together  with 
great  force  by  means  of  a  screw  and  ratchet. 

STEP  OR  CENTER  STEP.— The  socket  upon  which  a  pivot, 
as  of  a  turntable,  rests.  The  casting  supporting  the  center  of  a 
turntable. 

STILE. — The  upright  piece  of  framing  or  paneling. 

STIRRUP. — A  pendant  bar  of  iron  supporting  a  girder. 

STOVE-UP,  OR  STOVE,  OR  UPSET.— To  thicken  in  cross- 
section  by  heating  and  hammering  end  wise.  Structural  bolt  heads 
and  rivet  heads  are  formed  by  upsetting  the  round  bar.  Rods  and 
bars  are  often  upset  at  the  ends  for  screw  threads,  so  that  the 
cutting  away  of  the  threads  will  not  reduce  the  strength.  In 
hydraulic  upsetting  machines  a  plunger  and  die  are  used. 

STRAIN. — Same  as  stress.  Sometimes  used  to  denote  the 
effect  of  applied  forces;  in  which  case,  to  have  any  practical 
meaning,  it  must  be  qualified  by  such  explicit  terms  as  extenaon, 
■deflection,  etc.  The  need  of  a  general  word  to  cover  these  various 
effects  of  forces  is  not  apparent. 

STRESS. — ^The  direct  or  axial  force  exerted  on  a  member  and 
resisted  by  the  member. 

STRETCHER.--A  brick  or  block  of  masonry  laid  lengthwise  of 
the  wall. 
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|.  STRETCHER-COURSE.— A  course  of  masonry  all  of  stretchers, 
ritnout    any   headers. 

STRINGERS. — The  longitudinal  beams  or  girders  supporting 
ircctly  the  floor  of  a  bridge. 

STRING-COURSE. — ^A    long    horizontal    course    of    brick    or 

Lsonry  projecting  a  little  beyond  the  others,  often  introduced 
>r  ornament.  In  an  arch  a  course  of  voussoirs  extending  trans- 
^^sely    through   the  arch. 

STRINGS. — The    sloping   pieces    which    carry    steps. 

STRUT. — A    brace.      An    auxiliary    compression    member    in    a 

iss.  A  stiff  lateral  member.  Sometimes  used  to  denote  any 
Member  of  a  truss  or  frame  that  will  take  compression. 

STUD. — A  short,  stout  projecting  pin.  A  prop.  The  vertical 
ieces  in  a  stud  partition. 

STUD-BOLT. — ^A  bolt  with  a  screw  cut  upon  each  end,  one 
id   to    be  screwed  into   something  and  the  other  end   to   receive 

nut. 

SUB-SILLS. — Timbers  bedded  in  the  ground  to  support  frame 
restle   bents. 

SUMMER. — A  main  beam  of  a  floor.     A  heavy  lintel  is  called 

breast  summer. 

SUMP. — A  draining  well  into  which  water  is  led  for  its  re- 
loval    by  pump  or  otherwise. 

SURFACE.— To  plane  lumber. 

SUSPENDER. — A  hanger.  The  piece  or  truss  member  support- 
ig  a  floorbeam. 

SWAGE  OR  SWEDGE.— To  bear  or  force  down.  An  instru- 
lent  having  a  groove  on  its  under  side  for  the  purpose  of 
iving    shape    to    any    piece    when    laid    upon    it    and    struck    with 

hammer,  as  when  forging  a  round  portion  on  a  square  or 
Ither  shaped  rod. 

SWAY  BRACING. — Bracing  to  prevent  side  swaving  of  a  bent 
}r  of  a  pair  of  opposite  posts  in  a  truss  span.  The  lower  strut 
overhead  sway  bracing  is  called  the  sub-strut. 

SWAY  FRAME.— The  X  bracing  (including  top  and  bottom 
trut)  placed  between  two  girders  in  a  deck  span.  Also  called  a 
Irace   frame  or  cross  frame. 

SWIVEL.— rA  revolving  link  in  a  chain,  .consisting  of  a  ring 
ir  hook  ending  in  a  headed  pin  which  turns  in  a  link. 

TAMP. — To  compact  sand,  earth,  concrete,  etc.,  by  light  or 
leavy  ramming. 

TAP. — To  cut  threads  on  the  inside  of  a  hole.  The  tool  used 
tapping. 

TAP- BOLT. — A  bolt  which  simply  passes  into  its  socket  with- 
lut  penetrating  it. 

TEMPLET  OR  TEMPLATE.— A  pattern  for  molding,  etc. 
Lny  frame  or  pattern  of  wood  or  metal  upon  which  are  marked 
lie  location  of  outlines,  cuts,  holes,  etc.,  for  structural  parts.  A 
rame   for  setting  anchor  bolts  in  their  proper  position. 

TENON. — A  squared  end  of  a  timber  which  is  set  into  a 
ivity  in  another  piece.     The  cavity  is  called  a  mortise. 

TENSION. — The  stress  produced  by  pulling. 

TERRA  COTTA.— Baked  clay. 

THIMBLE. — A  short  piece  of  tube  slipped  over  a  rod  to  act 
IS  a  seperator.  A  metal  piece,  which  protects  rope  from  cutting 
fhen  passing  through  a  ring. 

THRUST. — The  horizontal  force  of  an  arch  against  its  abut- 
lent. 

TIE. — A  member  of  a  truss  or  frame  that  is  designed  to  take 
[tension  only. 

TIE  PLATE. — A  short  plate  near  the  end  of  a  built  member 
[connecting  the  parts  together.       Tie  plates  are  usually  made  about 

iuare  sometimes  li   times  longer  than  the  width. 

TORSION. — A  twisting  strain  a«»  on  a  driving  shaft. 
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TRAVELER. — The  movable  crane  or  derrick  used  in  erecting 
a  truss  span. 

TREAD. — ^The  horizontal  part  of  a  step. 

TREENAIL. — A   long   wooden    pin. 

TREMIE. — A  tube  or  chute  used  in  depositing  concrete  under 
water.  The  tube  is  open  at  both  ends  and  has  a  hopper  at  the 
upper  end.  It  is  kept  filled  with  concrete  while  in  use;  this 
prevents  the  water  from  washing  out  the  cement  and  finer  particles 
in   the   concrete. 

IRESTLE. — Frame  work  in  wood  or  steel,  consisting  of  posts 
and  bracing,  supporting  a  railroad  or  highway.  The  whole  is 
called  a  viaduct. 

TRIMMER. — A  short  cross  beam  taking  the  ends  of  one  or 
more  joists,  allowing  an  opening,  as  for  a  stairway  or  shaft. 

TROLLEY. — A  small  overhead  runner,  as  the  running  support 
of  a  lift  on  the  flanges  of  a  beam. 

TRUNION  OR  TRUNNION.— A  heavy  horizontal  axis  upon 
which  a  body  rotates. 

TRUSS. — A  framed  or  jointed  structure  designed  to  act  as 
a  beam.  It  has  upper  and  lower  chords  and  members  joining- 
these,  called  web  members;  these  comprise  struts,  ties,  and  some- 
times counterbraces.  The  struts  are  sometimes  called  posts. 
Inclined  web  members  are  called  diagonals.  The  spaces  between 
the  chord  joints  are   called   panels. 

TUMBLER. — A  box  in  which  small  castings  are  placed  for 
cleaning.  The  box  is  revolved,  causing  the  castings  to  knock 
upon  each  other.     Paving  bricks  are  tested  in  a  similar  box. 

TURNBUCKLE. — A  double  nut,  open  .to  allow  the  insertion 
of  a  bar  for  turning,  or  a  link  with  nuts  in  the  ends;  used  in 
adjustable  rods. 

TURNTABLE. — The  arrangement  for  turning  a  car  or  loco- 
motive. 

UNDERPIN. — To  add  to  the  foundation  of  a  wall  already 
constructed,  by  excavating  and  building  beneath.  Also  to  support 
a    wall    by   temporary   construction. 

UPSET. — To  thicken  and  shorten,  by  hammering  or  pressure, 
a  heated  bar  of  steel. 

VALLEY  RAFTER  AND  VALLEY  TRUSS.— The  rafter  or 
'the  truss  at  the  concave  meeting  of  two  slopes  in  a  roof. 

VAULT. — An  arch  long  in  comparison  with  its  span.  The  space 
beneath  such  an  arch. 

VENTILATOR.— The  part  of  a  roof  construction  designed 
to  allow  the  exit  of  heated  air.  In  ordinary  mill  building  con- 
struction the  ventilator  truss  is  a  small  truss  directly  over  the 
main  roof  truss.  The  vertical  sides  of  the  ventilator  are  supplied 
with  either  windows  or  louvres,  or  may  be  left  open.  The  term 
monitor  is  also  applied  to  a  ventilator  projecting  above  the 
general  roof  level. 

VOUSSOIRS. — The  individual  stones  forming  an  arch.  They 
are  of  truncated  wedge  form. 

WALE,  WALE  PIECES,  WALE  STREAKS.— Long  longitud- 
inal timbers  in  the  sides  of  a  ship,  coffer-dam,  caisson,  line  of 
piles,    etc. 

WALL  PLATE. — A  timber  laid  along  the  top  of  a  wall  for  the 
roof  trusses  or  rafters  to  rest  upon.  A  steel  plate  laid  on  a 
wall    for   a   beam    to    rest   upon. 

WANE. — Wane  is  bark,  or  the  lack  of  wood  from  any  cause, 
on  edges  of  timbers. 

WARREN  TRUSS.— A  truss  having  parallel  chords  and  all  of  its 
principal  web  members  diagonals  taking  both  tension  and  com- 
pression. Vertical  hangers  and  bearers  are  sometimes  used  at 
the  panel  points. 

WASHERS. — Broad  pieces  of  metal  placed  under  a  nut  to 
distribute    the    pressure    or    to    allow    for    thread    terminating    be- 
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tween  the  nut  and  the  bored  plate  through  which  a  pin  or  bolt 
passes. 

WEB. — The  flat  metallic  part  connecting  two  or  more  ribs 
or  flanges. 

WEB  MEMBERS. — ^The  members  in  a  truss  or  frame  running 
from  chord  to  chord;  known  as  verticals,  diagonals*  posts, 
hangers,  etc. 

WEB  PLATE. — The  plate  between  the  flanges  of  a  beam 
or  nrder,  or  the  plate  similarly  placed  in  a  built  part  of  any 
kind. 

WHEEL  BASE.— The  distance  center  to  center  of  two  axles 
of  a  truck  or  car.  Sometimes  used  to  designate  the  distance 
center  to  center  between  the  extreme  front  axle  and  the  extreme 
back  axle   of  a  group. 

WINCH. — A  horizontal  drum  or  spool  for  winding  up  rope 
in  a  hoisting  apparatus. 

WIND  SHAKES.— Defects  in  lumber  indicated  by  circular 
cracks  in  ends  of  pieces,  or  by  pieces  breaking  out  of  the  sides 
2s  though  cut  with  a  gouge;  caused  by  violent  swaying  of 
the  trees   in   the  wind. 

WING  DAM. — A  dam  built  part  way  across  a  stream  to 
force  the  water  into  a  narrower  channel. 

WING  WALLS.— The  retaining  walls  which  flare  out  from 
the  ends  of  bridges,  culverts,  etc. 

YIELD  POINT.— The  point  at  which  the  rate  of  stretch 
^or  other  deformation)  begins  to  increase  rapidly.  At  the  elastic 
limit  the  stretch  may  simply  take  a  higher  though  uniform  rate. 
The  true  elastic  limit  requires  delicate  measurement  to  determine, 
whereas  the  yield  point  is  more  roughly  found. 
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Adjustable  rods,  146,  147. 

Aerial  Ferry,   435. 

Allowance  for  planingr, 
46,48. 

Anchor  bolts,  45,  120. 

Angrular  bends  in  mem- 
bers, 63,  64. 

AnnealinK,  12,  13. 

Arch  bridgres,  larsre  steel 
— ,  432,  welgrht  of, 
230. 

Arched   trusses,    353-364. 

Arches,  tile — ,94,  96. 

Arch,  plate  girder — ,329: 
shoe  for — ,  339,  342: 
three   hingred — ,   341. 

Armory  desigrns.  354-359. 

Asbestos   shingrles,    114. 

Asphalt  coating:  for 
pipes,   28. 

Attachment  of  laterals 
to  stringrers,  87. 

Axles,  tests  on — ,   283. 

Ballast  floor,  75. 

Baloon   framings,    103. 

Baloon  shelter,  383,  384. 

Bascule  spans.  251,  414^- 
417. 

Batten  plates  in  tension 
members,   150. 

Battens  on  compression 
members,   166. 

Battered  posts  in  via- 
ducts, 65,  86. 

Beams,    details   of — ,    46. 

Bearing-plates.     49-105. 

Bearing  pressure  on 
stone  and   brick,   141. 

Bearing  value  of  rivets, 
174. 

Bellied    stringers,    81. 

Bending  in  rivets,  176. 

Bending  of  iron  or 
steel,  3. 

Bend  tests,   282. 

Bent  flanges,   63. 

Bent   plates,    56,    62. 

Bent  splice  plates,  195, 
197,    202,    204. 

Bevel  cuts,   39. 

Bevel    gear,    278. 

Bevel    shearing,    258. 

Bevels,  how  indicated, 
41. 

Boiler   seams,    259-267. 

Bolts,    48. 

Bolts  and  bolted  con- 
nections, 182. 

Book   tile,    114. 

Boring,    21,    22. 


Box  column,  93. 

Bracing  lateral — ,  81,  82, 
83:  sway — ,  83,  84. 

Bracing  of  buildings, 
124,    125.    96-103. 

Bracing  of  girder  flang- 
es,   132. 

Brazing,  22:  Tests  of — , 
22. 

Breeching,  258. 

Bridges,  deck — ,  80; 
high — ,  433:  highway 
— ,  87:  through — ,  80. 

Bridge  decks,   241-244. 

Bridge  design  and  de- 
tails illustrated — »  299- 
430. 

Buckling  of  wide  plates. 
15. 

Building  columns,  118- 
123 

Building  details,  347- 
351. 

Buildings,    high — ,    433. 

Built  beams,  how  pro- 
portioned.   127. 

Buckle  plate  floors,  68, 
71.  72. 

Buckles    in    plates,    289. 


Calking    of    tanks,    255, 

256. 
Camber,   15,   236,    237. 
Cantilever  bridges. 

large — ,    432. 
Cantilever,   weight   of — , 

229. 
Car   wheels,    tests    on — . 

284. 
Case  hardening,  13. 
Castings,     details     of — , 

39. 
Casting  of  iron  or  steel, 

3,    4.    5. 
Cast    iron    columns,     94, 

287. 
Cast  iron  gutters,  115. 
Cast   iron    pipe    coating, 

29. 
Cast   iron,   resistance   of 

to  corrosion,  27. 
Cast  shoe,  142. 
Cast    steel,    462. 
Center     bearing     spans, 

249. 
Centering  of  laterals.  82. 
Centers    of    intersection 

for   rivet   lines,    40. 
Centrifugal    force,    239. 
Chain,  tests  on — ,   283. 
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Chimneys,  hlgrh  steel — , 
434:  largre  brick,  434, 
435:  largre  reinforced 
concrete,    436. 

Chippingr,   19/ 

Circular  grirder,  255. 

Circular  pitch,   278. 

Cleaning:  castingrs,   5. 

Clearance  for  rivets,  44. 

Clearance  in  details,   43. 

Closed  sections,  27,  47, 
167. 

Coating:  of  water  pipes, 
28,    29. 

Coal   bunker,   381. 

Coal    tar    coating:.    28. 

Coal  tar  paint,  34. 

Cold  bendingr,  11. 

Cold  rolling:  or  drawingr, 

Aw. 

Cold  working:  of  steel,  3. 

Collars  for  pins,   44. 

Column     anchorage,     63. 

Column  bases,  53,  91. 
193      194. 

Column  details,  867,  370, 
882. 

Column  pedestals,  -91, 
119,    120. 

Column  splices,  205,  206. 

Columns,  box — ,  93:  cast 
iron — ,  94:  details  of 
— >  39,  40,  41:  eccen- 
tricity of — ,  94:  how 
detailed.  39:  H-shaped 
— t  93:  I-beams  as — , 
93:  selection  and  de- 
tails of — ,  92,  93,  94: 
Z-bar~,   93. 

Combined  compression 
and  bending:.  173. 

Combined  tension  and 
bending:,  150,  161. 

Compression  and  bend- 
ing,  173. 

Concrete  as  protection 
of  steel,  26,  27. 

Concrete    tiles,    114. 

Concrete  walls,   104. 

Conical  bottoms  In 
tanks,   254. 

Connections  of  column 
bracing:,    40. 

Construction  of  floors. 
94.    95. 

Continuous  beams,   211. 

Coping:  of  beams,  14,  95. 

Coping  on  walls,  106. 

Cored  holes  in  castings. 

Cores  for  castings,   3,   4. 
Corrugated       iron       and 
steel,   10,   103.    112.   116. 
Cotter  pins,  215,  216. 


Counter  braced  mem- 
bers,  147. 

Counter    sinking,    17. 

Countersunk  rivets,  47. 
176. 

Cover  plates  on  I-beams, 
89. 

Cover  splice,  20. 

Crimped  stiff eners,  9,  13, 
61,    62. 

Cross  sections  of  bridg- 
es, 68,  71,  72,  302,  306, 
816,  318,  319,  320,  325. 
327-337. 

Cumbersome  details,  170. 

Curvature,   238-244. 

Curves,  bridges  on — , 
241-244. 

Curving  of  plates,   7. 

Dead  weight,  stress  due 

to—,   17. 
Deck  bridges,  80. 
Depth   of   lattice  girder, 

78:      of      trusses     and 

girders,  73,  76,  79. 
Designing    of    compres- 
sion members,  163-173. 
Designing      of      tension 

members.    145-151. 
Design     of     beams     and 

girders,   127-144. 
Details,   poor — ,   57-72. 
Details,         specifications 

for—,    453. 
Diametral  pitch,  278. 
Diaphragms,    66,    195. 
Dished  plates,   9. 
Distribution     of     wheel 

loads,   76,   87,   88,   89. 
Dome,   361. 
Down  spouts,   115. 
Drawbridge  designs, 

388-418. 
Drawing,         notes        on 

structural  detail — ,  36- 

48. 
Drawings,  size  of — ,  36. 
Draw  spans,  229,  230. 
Draw  spans,  large — ,  433. 
Drifting,    17,    18. 
Drift  test,   18,   283. 
Drilling   of  steel,    21. 
Ductility  of  steel,  21. 

Eccentric  end  connec- 
tions,  150. 

Eccentricity  In  columns, 
94. 

Eccentric  riveted  con- 
nections,  177-179. 

Economic  depth  of 
girder,   76,   77. 

Economic  spans  in  via- 
ducts,  77,    86. 
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Economic  structures,  78. 

Economy  in  size  of  riv- 
ets, 150. 

Effective  depth  of 
beams,   128,   130. 

Elastic  limit.  279,  280. 

Elevated  steel  tank, 
larffc        434 

Enamel  for  steel,  29,  34. 

End  columns  in  mill 
bulldingrs,  126. 

End  connections  of  com- 
pression members, 
193-201. 

End  connections  of  ten- 
sion members,  183-192. 

End  cross  frame,  con- 
nection of — ,  44. 

End  details  of  beams 
and  grirders,  139-144. 

End  stifTeners,  61,  62,  67, 
69,    70,    141,    142. 

End  trusses  in  mill 
buildings,  126. 

Epicycloidal  grears,  275. 

Erection  marks,  38. 

Erection  methods,  45. 
435. 

Erection,  provision  for 
— ,    45. 

Estimating  weights.  222- 
230. 

Euler  formula,  meaniner 
of—,   153,   156. 

Expanded  metal,  14. 

Expansion  details,  59, 
343-346. 

Extra  rivets  at  splices, 
176 

Eye  bars,   183,  145,   148. 

Eye  bars,  bendingr  on — , 
151. 

Eye    bars,    boring:    of — , 
20. 
Eye  bars,   forging-,   8. 

Eye   bar  heads,    183. 

Eye  bar  tests,  283. 

Factor     of     safety,     219, 

220. 
Failure    due     to    ^hear, 

231. 
Failure   of  tank,   255. 
Fatigue  formula,  221. 
Faulty      details,      57-72, 

195.    196,    202.    204. 
Field     connections,     im- 
portance  of — ,    286. 
Field  inspection,   290. 
Fixed     ended     members, 

159. 
Flange  plates,  length  of 

— ,   132,   134. 
Flanges  of  girders,   128- 

13o. 


Flanges,      pai't      of — ^in 

angles,   131. 
Flashing,    113. 
Flexure       and       tension 

combined,   150,   151. 
Flexure,    and     conopres- 

sion  combined,  173. 
Floorbeam   designs,    299, 

302,   306,   317.   318,   319, 

827,    428. 
Floorbeam  details,   80. 
Floorbeam    hanger,    148, 

149. 
Floorbeams,    68,    70,    71, 

72. 
Floor  decks,  88,  89,  90. 
Floor    details,    824,    330, 

337 
Floor  loads.  218. 
Floors,    construction    of 

— ,   94,  96. 
Floor  system,   76. 
Floor  system,  weight  of 

— ,    226. 
Forging     of     iron     and 

sieel,  7,  8,  9. 
Forked  ends,   197,   198. 
Forked  eyes.  184. 
Fracture     of     iron     and 

steel,  281. 
Friction     between     riv- 
eted  plates,    175. 
Full  size   tests,   463. 

Galvanizing,   22. 

Gas  producer  buildinfir, 
381.    382. 

Gauntlet  track.  90. 

Gears,  275-278. 

Gear  tooth,  strength  of 
— ,   276. 

Gear  wheel,  277,   278. 

General  engineering- 
data,  431-436. 

Gig  for  reaming.   17. 

Girder  designs,  328,  332, 
333.  334. 

Girder  flanges,   128-135. 

Girder  spans,  weights  of 
— .  224-226. 

Girders,  spacing  of — , 
79. 

Girder  webs.  137.  138. 

Girts,  116,   125.   126. 

Gordon-Rankine  formu- 
la. 152.  155. 

Grade.   245. 

Grain  bins,  large — ,   434. 

Grain  tanks.   253. 

Grand  stand,  352. 

Gravel  and  slag  roofs. 
113. 

Gravity  axis.  86. 

Greenhouses  and  sky- 
lights.  270-274. 
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Grindingr,   22. 
Grip  of  pins,  44. 
Guardrail,    90. 
Gussets   as   splices,    203, 

204. 
Gutters,   115. 

Hardeningr,   13. 

Hammer  test,  288. 

Hand    punching:,    1,6. 

Heatingr  rivets,   290. 

Heatingr  steel  to 

straighten,    289. 

Higrh  bridges,  433. 

Higrh  buildingrs.   433. 

Hig^h  steel  columns, 
strength  of,   155,   156. 

Higrhway  bridges,   87. 

Higrhway  viaducts,   88. 

Hingred  bolster,   142. 

Holes  for  anchor  bolts, 
45. 

Hollow  blocks  for  par- 
tition walls.   111,  104. 

Hook  bolts  for  ties,  89. 

Horizontal  shear,  232, 
233. 

Howe    truss,    315. 

H    shaped  column,  93. 

I  beams  as  columns,  93. 

I  beam  spans,  73. 

I  beam  spans,  bracing: 
of—,   81,   82. 

Illustrations  of  desigrn 
in  various  classes  of 
structures,    293-430. 

Impact,    221. 

Important  details  in 
bridges,    292. 

Ingrot  iron,   27. 

Inspection,  460. 

Inspection  and  tests  of 
steel   work,    279-292. 

Inspection  of  an  exist- 
ing bridgre,  290. 

Insulation  of  walls.  111. 

Intersection  of  members, 
64.    65. 

Involute  grears,  275. 

I  shaped  sections,  168. 

Japan,  34. 

Keys.   278. 

Largre  fillers,  4,  5. 
Large    forgings,    7. 
Large     pieces     handled, 

436. 
Lateral    bracing,    81,    82, 

83.    88. 
Lateral  details,   56. 
Lateral  hitch,  63. 
Lateral   rods,   146. 


Lateral  plates,  notched, 
47. 

Laterals,  adjustable — , 
83:   attachment  of — to 

stringers,  87. 

Lattice  bars,  16,  17,  39, 
159-162,  169. 

Latticed  eye-bars,  147, 
148. 

Latticed  members,  169, 
170. 

Lattice  girders,  depth 
of — ,   78. 

Lead  fillers,   52. 

Lengths  of  shapes 
rolled,   47. 

Limiting  widths  of  com- 
pression members,  165. 

Linseed  oil,  30,  31. 

Lintels,    105,    106. 

Loads  and  unit  stresses, 
214-221. 

Loads  for  city  buildings. 
447 :  for  highway 
bridges,  445:  for  rail- 
road  bridges,    442. 

Location  of  noorbeam, 
94,    95. 

Longitudinal  compon- 
ents,  56. 

Long  rivets,  18. 

Long  structures,  433. 

Loops,  184. 

Magnetic  oxide,  28. 
Masonry  arches,   long — t 

434. 
Mending    castings.    5. 
Metal  lath,  103,   104. 
Metropolitan  Tower,    96, 

97 
Mill'     building      design, 

116-126. 
Milling  columns,  46. 
Mill   inspection,   279. 
Mill  tests,   279. 
Moment   of  inertia   of  I 

beam  with  plates,  127, 

131. 
Moment     of     resistance, 

128. 
Movable  bridges,  463. 
Multiple  punch,  16. 

Net  area  of  angles,  149. 

Net  area  of  built  mem- 
bers, 150. 

Net  area  of  plates,  148, 
149. 

Net  section  of  members, 
191.    192. 

Nickel   steel   struts,   155, 
156. 
,  Non   adjustable    diagon- 
als,   147. 
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out  producing  permanent  injury. 

PUDDLE. — To  iettle  loose  dirt  or  clay  by  turning  on  water 
so  as  to  render  it  firm  and  solid.  A  process  of  converting  cast 
iron  into  wrought  iron  in  a  puddling  furnace. 

PURLINS. — The    horizontal  pieces  supporting    the  roof    covering. 

gUARRY  FACE,  OR  ROCK  FACE.— Stone,  faced  as  it  comes 
from  the  quarry. 

(JUEEN  POST  TRUSS. — A  trussed  beam  having  two  vertical 
posts  and  a  rod  or  hog-chain  passing  below  them,  the  latter 
fastened  to  the  ends  of  the  beam. 

RACK. — A  straight  row  of  cogs  or  gears.  A  portion  of  a  gear 
of  long  radius. 

RACKED  BACK.— Built  in  steps  or  offsets. 

RAFTERS. — Inclined  beams  supporting  a  roof  deck  or  support- 
ing the  purlins. 

RAIL. — The  horizontal  pieces  of  framing  or  paneling. 

RAKED  OUT. — Brick  work  having  mortar  scraped  out  for  a 
little  depth. 

RAM. — The  hammer  of  a  pile  driver. 

RANDOM. — Irregular  stone  work. 

RANGE  MASONRY  OR  RANGE  WORK.— Masonry  in  which 
the  various  courses  are  laid  up  with  continuous  horizontal  joints ; 
also  called  ashlar. 

RASP. — A   coarse   file. 

RATCHET  AND  PALL.— A  notched  wheel  (the  ratchet)  and 
a  short  bar  or  dog  (the  pall)  which  drops  into  a  notch  of  the 
wheel  to  prevent  its  turning,  used  for  safety  in  hoisting  machinery. 

REAM.— To  enlarge  the  diameter  of  a  hole  by  cutting  away 
the  material  around  its  circumference. 

REBATE. — A  groove  on  the  edge  of  a  board. 

RE-ENTERING    ANGLE    OR    RE-ENTRANT    ANGLE.— An 

angle  or  corner  projecting  inward.  i 

RETAINING  WALL.— A  wall  which  is  used  to  sustain  earth 
packed  behind  it. 

REVEAL. — The  exposed  portion  of  the  sides  of  openings  in 
walls  in  front  of  the   recesses  for  doors,  window-frames,   etc. 

REVETMENT. — Steep  facing  of  stone  on  a  sloping  side  of  a 
ditch   or  embankment. 

RIB. — StiflFening  projections  cast  on  or  riveted  on  a  flat  or 
other  shaped  plate.  One  of  a  number  of  the  parts  forming  an 
arched   span   or  a   dome. 

RIB-BAND    OR    RIBBAND.— Longitudinal    timbers    along    the 

RIDGE  OF  A  ROOF.— The  sharp  edge  along  its  top. 

RIDGE-POLE  OR  RIDGE-BEAM.— The  beam  along  the  hori- 
zontal angle,  the  ridge  or  comb,  of  a  roof. 

RING-COURSE,  IN  AN  ARCH.— A  course  parallel  to  the 
face  of  the  arch. 

RIP-RAP. — Loose  stone  laid  around  a  pier  to  prevent  the 
scouring  of  the  water. 

RISE,  OF  AN  ARCH.— The  height  from  springing  line  to 
under  side  of  the  arch  at  the  keystone.  The  difference  in  eleva- 
tion of  the  center  line  of  an  arch  ring  at  crown  and  springing. 

RISER. — The  vertical  part  of  a  step. 

RIVET  GAGE.— The  distance  from  the  heel  of  an  angle  or 
channel   to  the   rivet   line. 

RIVET  PITCH. — The  distance,  center  to  center  of  rivets  for 
a  single  line.  For  two  lines  of  rivets  in  the  flange  of  an  angle 
it  is  the  distance  measured  along  the  angle  from  the  rivet  of 
one  line  to  that  of  the  other. 

ROCK. — A  solid  mass  of  mineral  substance. 

ROWLOCK  COURSE.— A  course  of  bricks  in  which  the  ends 
of  the  bricks  are  exposed,  the  longer  edge  being  vertical.  In  a 
row  lock    arch    the    longer    edge    of    the    brick    is    normal    to    the 
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^ch  ring, 

RUBBLE.-— Field  stone  or  rough  stone  as  it  comes  from  the 
quarry.  When  it  is  of  large  or  massive  size  it  is  termed  block 
nibble. 

RUBBLE  MASONRY. — Masonry  composed  of  unsquared  or 
roughly  squared  stone  or  rubble  of  irregular  size  or  ^ape.  It 
may  be  either  coursed  or  uncoursed. 

RUST  JOINT.-— This  is  a  kind  of  joint  made  between  two 
iron  or  steel  surfaces  or  between  masonry  and  the  bottom  surface 
of  a  cast  shoe.  A  cement  may  be  made  of  a  mixture  of  32 
parts  of  cast  iron  or  other  iron  filings  and  one  part  of  sal-ammoniac. 
This  placed  between  masonry  and  a  cast  shoe  or  other  casting 
will  cement  the  two  together.  An  application  of  a  solution  of 
sal-ammoniac  to  two  finished  surfaces  before  bolting  them  together 
will  also  act  as  a  cement  between  these  parts. 

SADDLE. — ^The  prrooved  support,  over  a  post  or  pier,  for  the 
cable  of   a   suspension  bridge. 

SAND- HOG. — A  man  who  works  in  air  under  high  pressure 
in  pneumatic    excavation. 

SCANTLING. — The  dimensions  of  a  piece  of  timber  in  breadth 
and  thickness.      Studding   under  five   inches   square. 

SCARi*. — The  uniting  of  two  pieces  by  a  long  joint  aided  by 
bolts. 

SCARFED. — Hammered  or  cut  down  to  a  point  or  a  sharp 
edge. 

SCARF- WELD. — A  weld  in  which  the  pieces  are  scarfed  before 
being  welded. 

SCRATCH  COAT.— The  first  coat  of  plaster,  which  is  scratch- 
ed to  afford  a  bond  for  the  second  coat. 

SCUPPER.— Drain  holes  in  a  floor. 

SECTION. — A  drawing   showing  a  cut   through   the   object. 

SEPERATORS.— Thimbles  or  castings  inserted  between  beams 
to  keep   them  apart. 

SET. — A  permanent  bend  or  deflection  produced  by  straining 
beyond  the  elastic  limit.     To  harden,  as  the  hardening  of  cement. 

SHACKLE  OR  CLEVIS.— A  link  in  a  chain  shaped  like  a  U 
and  so  arranged  that  by  drawing  out  a  bolt  the  chain  can  be 
separated    at    that    point. 

SHAFT. — ^The  part  of  a  column  exclusive  of  its  details.  A 
Vertical  pit  or  well. 

SHANK. — The  body  of  a  bolt  or  rivet,  exclusive  of  its  head. 

SHEAR-LEGS  OR  SHEARS.— A  kind  of  derrick  made  of 
two  straight  poles  united  at  the  top  and  braced  by  guy  lines. 
Also  called  an  A-crane  or  derrick. 

SHEAVE. — ^A  large  grooved  wheel  or  pulley. 

SHEETING  OR  SHEATHING.— Boards  nailed  on  a  frame 
to  receive  weather-boarding  or  surfacing  in  a  roof.  Covering  a 
surface  with  boards,  sheet  iron,  felt,  etc. 

SHIM,  OR  SHIM  PLATE.— A  plate  let  into  an  open  space 
to  build  out  to  a  required  thickness,  or  laid  under  a  support  to 
raise  its  elevation. 

SHOES. — Iron  fittings  on  the  ends  of  piles.  Supporting  pieces 
for  grirders  or  trusses. 

SHORES  OR  SHORING.— Timbers  used  to  support  a  struc- 
ture   during    erection    or    during    repair    or    alteration, 

SHRINK. — Hoops  and  rings  are  said  to  be  shrunk  on  when 
they  are^  made  just  a  little  too  small  to  go  into  place  when  cold. 
By  heating  them  the  expansion  allows  them  to  be  dropped  into 
place.  Upon  cooling  the  ring  or  hoop  will  grip  firmly  the  object 
upon  which  it  is  shrunk. 

SILLS. — Timbers  laid  on  the  ground  to  support  the  posts  of 
a  timber  trestle. 

SKELETON  CONSTRUCTION.— A  frame-work  of  metal  which 
carries  all  of  the  loads  -of  the  building. 
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StifPeners,  195,  196. 
Stiffener  angrles,  289. 
Stiffeners  in  floor  beams, 

80. 
Stiffeners      of      grirders, 

138.   139. 
Stiffeners  of  tanks,  253. 
Stiffeners     under     beam 

seats,    144. 
Straight-line  column 

formula,   157,   158,   159, 

169. 
Straigrbteningr  of  plates, 

7. 
Straigrhteningr     of     steel 

shapes,  6,  15. 
Straigrhteningr         steel 

members,  289. 
Strain  sheet,  308. 
Strength  of  riveted  con- 
nections, 189. 
Strength  of  compression 

members,    152-162. 
Stress  due  to  weight  of 

member,   170,  173. 
Stringers,  76. 
Stringer   details,    81. 
Stringers,   bellied,  81. 
Stringers,   location   of — , 

76,  87. 
Style  of  structure,  selec- 
tion of — ,   73. 
Style  of  truss,  80. 
Superelevation     of     rail, 

240-244. 
Suspenders,   87. 
Suspension     bridge     de- 
signs.  419-426. 
Suspension    bridges, 

large — ,  433. 
Suspension  bridge  wir*»s, 

10;  protection  of — ,  80, 

31. 
Sway  bracing,  83,  84. 
Sway  frames,    83,   84. 
Swinging  floor  beam,  60. 
Swing   spans,    249. 
Symmetrical    members, 

39. 
Symmetrical    placing    of 

rivets,   176. 

Tank  bottoms,  254. 
Tank,      large      elevated 

steel — ,    434. 
Tank     plates,      ultimate 

strength  of — ,  252. 
Tanks,    252-269. 
Tank  roofs,  268. 
Tape  for  inspectors,  286. 
Tapping  of  steel,  21. 
Tempering,    13. 
Tensile    tests     on     steel, 

280    282. 
Tension  and  bending,  151 


Tension    on    rivets,     63, 

180,   187.   188. 
Tension  splices,  204,  205. 
Terra  cotta  tile,  weight 

of—.  114. 
Tests   on  cast  iron,    282. 
Tests  on  chain,  283. 
Thickness    of    plates    in 

compression   members. 

167. 
Thin  metal  in  compres- 
sion,  161,   170. 
Through  bridges,  80. 
Through     girder     spans. 

75. 
Tie     plates,     proportion 

of—,  169,  170. 
Tie  rods  in  floors,  95. 
Ties,  fastening  of — ,    89. 

interdependence      of — 

and  laterals.  74. 

size  of — ,  89. 
Tile  arches,   94,   95. 
Tiles,  concrete — -,  114. 
Timber  floors,  88,  89,   90. 
Tin  roofing.  112. 
Top  laterals,   74. 
Tower  bracing,  87. 
Tractive  stresses,  248. 
Trough     floor,     75.      332, 

333    337. 
Trunnion    bridges,    data 

on — ,  230,   257. 
Truss     designs,     299-317, 

323,   338.   341,   366,   371- 
-380,    428,    429. 

Trussed  purlin,   117. 
Trusses,     pin     connected 

— ,  78,  79:   roof—,   117: 
spacing    of — ,    79:    style 

of — f  80:  weights  of — , 
223,  224. 

Truss  members,  86. 
Truss,    pony — 84. 
Truss  spans,  large — ,  43. 
Turning  of  steel,  21. 
Turntable,   387.  427. 
Twisting   of   steel,    22. 
Typical    details    of    mill 

buildings,  122,  350.  365- 

382. 

Ultimate  strength  of 
tank   plates,   252. 

Umbrella  roof,  385. 

Unit  stresses.  439:'  for 
city  buildings,  448:  for 
highway  bridges,  446: 
for  railroad  bridges. 
442. 

Unit  values  of  rivets, 
174.  175. 

Upset  rods,  184.  185. 

Upsetting,  9. 
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Varnish,  94. 

Vertical    lift   spans.    250. 

Viaduct     bents,     65.     66, 

314.    325,    326.   340,    430. 
Viaducts,  86,  87. 
Viaducts,      economic 

spans  in — ,  77,  86. 
Viaducts,     weight     of — , 

226. 

TValls— 103.    104.    105. 

"Wall   insulation,    111. 

-Walls  of  buildings,  116. 

Water    tank,    386. 

"Web  of  girder  as  flange, 
128. 

Web,  shear  in — ,  234, 
235. 

Web  splice  for  bending, 
129,    130. 

Web    stiffeners,    138. 

Weights  of  arch  bridges. 
230:  of  cantilever 
spans,  229:  of  deck 
girder  spa^s,  224:  of 
draw  spans,  229,  230: 
of  highway  spans, 
226,  228:   of  rivet  heads. 


222 
224 
230 


of     trusses,     223. 
estimating,     222- 


Weight    of   brick    walla. 

106:    of   shingles.    111: 

of  slates,  112:  of  terra 

cotta     tiles,      114:      of 

trusses,    117. 
Welding,      electric,      12: 

oxy-acetylene,  12: 

thermit,    12. 
Welding  of  iron  or  steel, 

11,    12. 
Welds  in  steel,  183. 
Wheel  load,  distribution 
of—,    76,   87,   88,   89. 
Wind  load,  118-125. 

Wing  plates,   185,   186, 

Wooden  standards  for 
measurment,   85. 

Wooden   tanks,   268,   269. 

Working  of  iron  and 
steel,   3-22. 

Wrought  iron,  3,  463. 

Wrought  iron,  resist- 
ance of —  to  corro- 
sion,   27. 

Zig-zag   area   of    plates, 

148. 
Zee  bar,  117. 
Zee    bar   column,    93. 
Zee  bar  struts,  168. 
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Godfrey's  Tables 

[Structural  Engineering,  Book  One] 

This  book  is  a  compilation  of  tables  and  data  for 
use  in  structural  designing.  About  one-third  of  it  is 
collected  from  manufacturer's  hand-books  and  Includes 
such  data  as  the  properties  of  rolled  sections,  standards 
for  bolts  and  rivets,  eyebar  tables,  fractions  to  decimals, 
and  other  tables  common  to  many  books  and  indespen- 
sable  to  the  designer.  Besides  the  foregoing  there  is 
more  new  matter  in  the  book  than  in  any  other  simi- 
lar book  published.  There  Is  scarcely  a  problem  in  struc- 
tural designing  or  detailing  in  which  this  book  will  not 
.be  found  useful. 

The  book  contains  more  than  200  pages.  Following: 
is  a  list  of  the  contents:  Decimals  of  a  foot  and  inch. 
Properties  and  useful  dimensions  of  beams,  channels, 
angles,  zees,  tees,  rails.  Information  on  eyebars, 
clevises,  sleevenuts,  separators,  nuts,  rivets,  bolts,  cir- 
cular and  rectangular  plates,  corrugated  and  buckled 
plates.  Standard  beam  connections.  Bending  moments 
on  beams  for  concentrated  and  uniform  loads.  Deflec- 
tion formulas  in  terms  of  fibre  stress,  new.  Working 
unit  stresses  on  columns.  Ultimate  strength  of  tank 
plates,  new.  Weights  of  substances.  Conversion  table 
for  French  units.  Moments  of  inertia  of  rectangles 
varying  by  eights,  new.  Weights  and  areas  of  rods, 
bars,  and  plates.  Mensuration,  lengths  of  curves  and 
areas  if  segments,  new.  Miscellaneous  formulas  in 
usable  shape  (brake  bands,  hoops,  cylinders,  springs, 
flat  plates,  R.  R.  curves,  etc.)  Skewdetails,  hip  and  val- 
ley details,  no  angles  used,  new.  Stresses  in  eight 
styles  of  roof  trusses,  four  pitches  each.  Moments, 
shears,  etc..  Cooper  E  50  loading  Tables  of  built  girders, 
new.  Over  2000  built  sections  with  their  properties. 
Functions  of  angles.  Typical  details,  38  pages.  Tables 
of  roots  and  circular  areas.  Tables  of  squares  of  num- 
bers to  2736.  Tables  of  squares  of  feet,  inches,  and 
fractions  for  finding  hypothenuse,  lengths  to  57  feet, 
new.  Gears,  chain,  rope.  Electric  cranes,  clearances, 
loads,  etc. 

All  of  this  in  a  small  pocktbook.  Could  anything  bo 
more  useful  to  a  structural  designer,  draftsman  or  stu- 
dent? 

PBICE  92.50. 
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CONCRETE 
[Structural  Engineering,  Book  Two.] 


By  Edward  Crodfrey,  M.  Am.  Soe*  C.  £. 

This  book  contains  444  pagres  of  information  on  plain 
md  reinforced  concrete.  This  includes  information  on 
the  properties  and  use  of  cement,  sand,  concrete,  steel, 
itc,  finishing^  of  concrete  surfaces,  designingr  of  forms, 
md  other  practical  information;  also  the  desigrningr  of 
reinforced  concrete  beams,  slabs,  columns,  arches,  chim- 
neys, domes,  retainingr  walls,  dams,  etc.;  also  a  lar^e 
section  on  foundations;  also  many  drawing^s  showing^ 
standard  practice  in  culverts,  arch  centering^,  piers,  etc. 

The  theoretical  portion  Is  given  In  the  simplest  pos- 
sible manner,  at  the  same  time  being  as  thorough  as 
the  materials  demand.  The  formulas  for  beams  and  slabs 
are  as  simple  as  those  for  wooden  beams:  those  for  arches 
are  no  more  involved  than  formulas  for  steel  beams. 
No  other  book  goes  to  the  same  length  in  eliminating 
the  useless  mathematical  rubbish  that  has  characterized 
treatment   of   these    subjects. 

There  are  general  principles  of  sound  engineering  laid 
down  in  this  book  that  are  Just  beginning  to  be  incor- 
porated in  other  works.  Many  of  them  are  not  even 
tinted  at  in  any  other  books,  and  yet  they  cannot  be 
controverted.  Every  reinforced  concrete  wreck  of  any 
^ize  has  shown  faulty  design,  and  every  one  of  them 
has  violated  one  or  more  of  these  principles  of  sound 
engineering,  that  are  set  forth  exclusively  in  this  book. 
This  author  has  a  standing  challenge  to  discuss  these 
principles  with  any  engineer,  author,  or  college  pro- 
fessor. 

The  faults  in  common  practice  pointed  out  by  this 
author  are  not  mere  matters  of  the  unit  stresses  in  com- 
mon use.  It  is  not  merely  that  more  steel  or  concrete 
should  be  used  or  that  structures  are  relatively  weak. 
The  faults  are  fundamental  ones.  The  steel  is  not  placed 
^here  it  should  be,  or  in  other  respects  the  designs, 
^any  of  them,  are  positively  dangerous. 

Building  codes,  specifications,  committee  reports,  vol- 
uminous works  on  the  subject — all  of  these  may  be  fol- 
lowed to  the  letter  and  yet,  as  has  occurred  many  times, 
the  structure  may  fall.  Sound  engineering  must  sooner 
or  later  be  adopted  in  reinforced  concrete,  as  has  been 
done  in  structural  steel  work  since  the  days  of  the  spl- 
der-vtreb  monstrosities  called  bridges,  that  were  sold 
by  the  yard  in  the  early  days  of  steel  bridge  building. 

Oet  tbls  pioneer  book  on  sound  emgineerUkg  In  rein- 
forced  conerete. 

Price  $2.50.     Published  by  the  Author. 
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STEEL  AND  REINFORCED  CONCRETE  I] 

BUILDINGS 

By  Bulwark  Qo€trejf  BL  Am.  8oe*  C.  B. 

"The  purpose  of  this  book  is  to  supply  a  want  in  -wot 
where  desigrninfir  is  done  on  a  small  scale  that  does  n< 
Justify  the  employment  of  an  engrineer.  •  •  ♦  Thel 
is  also  much  in  it  that  should  be  found  convenient  i 
structural  desigrners  in  all  lines."  From  the  Introdu^ 
tion. 

Capacities  are  worked  out  for  454  steel  columns,  2^ 
steel  beams.  170  plate  grirders,  72  box  girders.  451  reii 
forced  concrete  beams,  reinforced  concrete  slabs  of  var3 
ingr  depths  and  spans.  Any  number  of  other  membe^ 
may  be  readily  interpolated.  With  loading:  and  spa 
known  a  suitable  member  can  at  once  be  found  in  tH 
tables.  Full  information  and  examples  on  the  use  i 
the  tables,  also  stresses  in  simple  trusses  and  much  oth^ 
data  on  buildings  and  their  foundations  fill  the  140  pas< 
of  the  book. 

There  is  scarcely  any  theory  in  the  book — simp] 
practical  directions  and  data  for  rapid,  accurate^  an 
safe  designing.  The  pitfalls  of  reinforced  concrete  coi 
struction.  which  are  many,  are  pointed  out. 

Many  architects  have  expressed  themselves  as  bein 
much  pleased  with  the  book. 

Architects  who  find  the  Carnegie  Hand-book  han^ 
will  find  this  book  handier. 

"The  book  contains  a  large  number  of  tables  whicj 
will  be  found  useful  in  any  designing  office.  ♦  *  ♦  Tj 
whole  book  is  in  fact  a  thoroughly  practical  one.  •  • 
The  book  is  a  good  one  to  keep  beside  the  referent 
manuals  published  by  the  mills  rolling  steel  structure 
shapes."     Engineering   Record,   Sept.    30,   1911. 

"It  answers  numerou  questions  that  the  archite< 
may  want  to  ask,  and  for  this  reason  would  be  of  valt 
in  his  library."     American  Architect,  Nov.  15,  1911. 

Price  $2.00.  Published  by  the  Author,  Edward  Qo^ 
frey,  Monongahela  Bank  Building,  Pittsburgh,  Pa. 
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